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EXECUTIVE SUMMARY 

Recent studies by federal, slate, and local agencies have identified adverse 
biological conditions associated with contaminants in same areas of Puget Sound. 
Permit writers, resource managers, reviewers of environnlental impact statements, 
and others involved in environmental decision-making are faced with the task of 
assessing a wide variety of information to deal with the pollution problems. To 
addrcss the needs of this diverse group of data users, information on each of 64 
po!lutants is sumtnarized in the following tables: 

Table I: Regulatory Status and Analytical Considerations for 
Pollutants of Concern 

Table Ik Criteria, Guidelines, and Regulatory Action Levels 
for Pollutants of Concern 

nbIe IE Sources of Pollutants 
Table IV: Concentrations of Pollutants in Puget Sound. 

In addition, characteristics of lhese pollutants are summarized in the text of the 
report. A general description of the pollulants is provided as well as a brief 
comment on exposure routes and risks and sources and fate in the environment 
(including soil, submerged sediment, air, and water). 

viii 
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INTRODUCTION 

'I. INTRODUCTION 

Background information on the dcvelopmcnt of this report and criteria used 
to select pollutants of cancem are described in the following sections. Explana- 
tions of column headings for each of four tables of information on rhese pollumrs 
of concern and examples of how to interpret the data for one chemical fi.e.. 
benzo(a)pyrene] are'providd in Chapter 2 (Pollurartfs of Concern Tables). .More 
detailed text descriptions of each pollutant of concern 'are provided in Chapter 3 
(Descriprion of Pollu~aws of Concern in Ptrger Sound). 

BACKGROUND 

Recent studies by federal, state, and local agencies have found that signifi- 
cant adverse biological conditions are associated with contaminated sediments in 
some areas of Puget Sound (i.e., Commencemcnt Bay, Elliott Bay. Eagle Harbor, 
Sinclair Inlet, Everett Harbor, and the ~Duwamish River). These studies have 
been performed by or for the U.S. Environmental Protection Agency (EPA), 
Washington Department of Ecology (Ecology), National Oceanic and Atmospheric 
Administration (NOAA), U.S. Amy Corps of Engineers (Corps) Seattle District, 

r and Municipality of Metropolitan Seattle (Metro). A limited number of pollutants 
r 
! 

of concern were lis@ as part of an EPA Region 10 project to quantify chemical 
loadings into Puget Sound (Jones & Stokes 1983). This list was circulated for 
revicw to the Technical Advisory Committee and the Management Cornminee of 
the Puget Sound ?Nary Program (PSEP). Review comments from Ecology 

f suggested davelopment of a broader list of pollutants. This broader list was 
developed into lhe Users Manual p r  rhe Polluanr qf Concenr Mordr (PSEP 
1986). The objective of this repon is to update, expand, and reorganize tho 1986 

f manual based on the results of a survey of users conducted in January 1990. 
Instructions on !he use of electronic spreadsheet tabla and diskettes containing 

t these lables were provided with the 1986 manual but have been deleted for this 
i report because most users preferred using written copies of the tables (see 

Chapter 2, Pollwanis of Concern T&les). 

Th6 information summarized in the pollutant lablw and the subsequent 
dascrlpltve text in Chaptor 3 can be used as a relarence for permit wrfters, 
mviewers, and i~ispecton when evaluating diechargas Prom new or existing 
industrial and municipal fiwilides; 'an aid for the design and execution of Reld 
investigations and monitoring efforts; and a resource for agency personnel in 

, . evaluating envlronmenral conditions and porential Impacts of polluranrs on Puget 
Sound. Examples of recent hrget Sound studies that have been used to update 



INTRODUCTION 

this rcporc inciude urban bay invcsligalions completed by EPA in 1988 for Elliott 
Bay and Everctl Harbor, sedirncnl data from the 1989 and 1990 Pugct Sound 
Ambient Monitoring Program, and class 11 inspection surveys of industrial and 
municipal efflucnls conducrcd by Ecology between 1987-1990. 

SELECTION OF THE POLLUTANTS OF CONCERN 

In 1986, an initial list of over 100 inorganic and organic contaminants of 
potential concern in Puget Sound (Tables I and 2)  was compilcd for possiblc 
inclusion in the pollulants of concern list. These contaminants wcrc choscn from 
1) EPA's list of priority pollulants, 2) lists compilcd specifically for Pugct Sound 
(e.g., Konascwich a al. 1982; Quinlan cl al. 1985; Jones & Stokes 1983). 
3) PSEP and Pugct Sound Dredged Disposal Analysis (PSDDA) workshops hcld 
to establish prmdurcs for environmenlat analysis of inorganic and organic 
contaminants (PSEP 1989a,b), and 4) from field invcstigalions in Pugcr Sound 
(e.g., Gahler et al. 1982; Malins et al. 1980; Romberg et al. 1984; Tcm Tcch 
1985a). Expens in specific fields of chemical rcscarch also providcd adviw 
during preparation of the initial list. 

In addition to the individual compounds inilially considered, lhrce groups of 
compounds were recommended: high molecular woi~ht polycyclic aromatic 
hydrocarbons (HPAH). low molecular wcight polycyclic aromatic hydrocarbans 
(LPAH), and tctal polychlorinated biphenyls (PCBs) (rathcr than individual 
Aroclots or PCB congeners), 'Ilc 1986 pollutanls of concern list included 52 
contaminants or groups of contaminants jclccted from this initial list of 100 
chemicals. 

Twelve additional contaminants or groups of contaminants havc bcen addcd 
to lhc text and tables to accommodate responses from the recant survey of thc 
1986 manual uscrs. Thw new contaminants were recammendcd bRsod on 
worker safety, treatmcnl plant operation, toxicily, and water quality wnsidcr- 
ations. The following four EPA priority pollulants were addcd: bis(2-ethyl). 
hexylphlhalate, benzene, toluene, and total xylenca. In addition, the following 
eight groups of pollutanls that arc not EPA priority pollutants were added: 

8 Mono- and dl- chlorodehydroabictic acids (rcsln acids found in pulp 
mill discharges) 

2 
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TABLE 1. INORQANlC CONTAMINANTS OF POTENTIAL CONCERN 
IN PUOET SOUND 

Anlimony 

Arsenic 

Cadmium 

C~pper 

Load 

Mercury 

Silvor 

Zinc 

Cyanido 

Chromium. Nickel Orgenoline 



TABLE 2. ORGANIC CONTAMINANTS OF POTENTIAL CONCERN 
IN PUOET SOUND 

Phenols 

HSL 4-Methylphenol 

klSLm 2-Methvlphenol 34 2,4-Olmerhyphenol 

Substltulsd Phsnols 

24 2.Chlorophonol 21 2.4.6-Trlchlorophenol 67 2-Nitrophenol 

31 2.4-D~chlor~phonol HSL 2,4,6-Tr~chlorophenol 59 2,4-Dinilrophenol 

22 4-Chlor0-3.n1elhylphenol 64 Pentachlorophonol 60 4,6.Dinitro-o.crosol 

Miscellaneous Organlo Aclds tgualacolalresln acldsl 

2.Melhoxyphenol (gue~acoll 4,5,6.Trichloro~uoiacol I Monoch!orodehvdroabrotic acids 

3.4.5-Tr~chloroguaiacol Terrechloroquaiacol Oi~hlorodehydroabiotic acids 

LPAH Compounds 

55 Naphrholono 1 Acenaphlhone 81 Phenanthrane 

77 Aconaphlhvlono 80 Fluoreno 78 Anlhracene 

Alkylared LPAH Compounds 

2.Molhylnaphrhalono 1 -Mothylnaphrhaleno 1.2,3.Mathylphonanthrenos 

HPAH Compounds 

39 Fluoranthono 74 Benzolblfluoranthene 83 Indenol1,2,3~cdlpyrene 

04 Pyreno 78 Bonzolklfluoranthono 82 Olbenzota,h)enthracone 

- 72 Oen2o~a)anlhraceno 73 B0nzota)pyrono 78 Bonzo(g,h,llporylone 

76 Chrvseno 

Chlorlnatsd Aromallo Hydrooarbons 

26 1 -3-Olchlorobontono 8 1,2,4~Trichlorobonzeno 

27 1.4-D1chlorobon20no 20 P~Chloronaphrhalono 

25 1 ,2-~lchlorobenzone 9 Hoxechlorobenzsne tHCB) 

4 



Chlorineted Allpharlc Hydrocarbons 
r 

12 nexachloroorhane 52 Hexachlorobutadiene 
i 
i 

Phthalatss 

70 Diethylphthalate 87 Bur~lbenz~lphlhelale 

Mlscallsnsous Oxygenatad Compounds 

54 lsophorone HSL Dibenzoluran Polychlorinated Dibenzodioxins 
t 
z HSL Benzyl alcohol Polychlorinated dibonzofurans 

HSL Benzoic acid 

93 p,p'-DOE 

. 94 p,p0-ODD 

92 p.pl-DDT 

89 Aldrln 

Psstlcldas 

90 Dioldrin 102 a-HCH ' 

91 u-chtordano 1 n3 B~HCH 

98 Endrin 104 A-HCH 
I 

100 Heptachlor 105 pHCH (Ilndane) 

PCBs 

Total PCBst 

Volatns Halogsnatsd Alkanes 

45 Chlotornethane 32 1 ,2~Dlchloroaro~ane 

46 Bromomolhano 10 1,2-Dlohloroelhane 01 Chlorodlbromomelhano 

16 Chloroolhane 11 1,1,1-Trlchtoroelhano 14 1,1,2~Trichloroethano 

44 Dlahlaromethane 6 Carbon retrachlorlde 47 Bfornoform 

48 Bromotlbhloromothene 16 1 .I  ,2.2-Terrachloroelhane 

- .  --- - .-- --add 



Taht. 2. (Continued) 

, 4 

Volstlle Halogenated Alkonas 

88 Vinyl chloride 33 Cis-1 ,I-dichloropropene 87 Trichloroetheno 

29 .I,  1 '-Dichloroethene Trans* 1.3~dichloropropene 85 ~etrachloroethene 

30 Trans- 1.2-dlchloroothene 

Volatlle Aromatlc and Chlorinated Aromatic Hydrooarbans 

4 Benzene 38 Ethvlbenzene HSL Total xylenea 

86 Toluene HSL Stvrene 7 Chlorobenzene 
t t 

Indicates EPA priority pollutant number. 

EPA hazardous substance list lHSLl compound. 

Total PCBs includes monochlorobiphonyls through docachloroblphenyls. 



lNT RODUCT ION 

m Chlorinated guaiacols (associaled with bleached'discharges of pulp 

Three of the most toxic PCB congeners hat elicit adverse biologi- 
cal effecu; similar to lhosc of 2,3,7,8-kmchlorMlibcnzodioxin 

M Polychlorinated dibenzofurans 

Polychlorinated dibenzodioxins (in addition to 2,3,7,8-telrachloro- 
dibenzodioxin) 

Methylethyl ketone (MEK) 
8 Methylnaphthalenes (1-methyl and 2-methyl isomers) 

Methylated phenanthrenes. 

Pollutanls that are not included in this report but have been recommended for 
routine monitoring based on a recently wmpleted pesticide reconnaissance survey 
(PSEP 1991) include: diazinon in water and sediment (an organophosphate 
insecticide often used for conuol of fruit, vegetable, and ornamental foliage 
pests), diuron in water (a uracil herbicide used for sterilizing soils), and endo- 
sulfan I in sedlment (a chlorinated pesticide used for control of foltar feeding 
insects on a wide variety of plants). These three pesticides wero detected in 
samples of sediment or waters in dminage basins of Puget Sound at levels that 
could cause biological effects ('PSEP 1991). The reconnaissance survey was 
wmptetod after the pollutant tables had been completed. Eight other pesticides 
were detected in samples collected during this reconnaissance survey but at 
concentrations '(hat are of less concern. The detectedlpesticides are part of a - 
broad group of; organophosphate, chlorinated, polar phosphorous, carbamatc, and 
urea pesticides, and chlorinated and LrAazine herbicides that were Lested for in 
these samples.' These compounds had becn identifled as of potential concern in 
Puget Sound based on an earlier review of contemporary pesticide usage (PSEP 
1988). 

Contaminants selected as pollutants of concern for Ulis report meat all of the 
following general criteria: 1) high toxicity (measured in laboratory studies), 2) 
high persistence in the environment, 3) high bioaccumulation potential. In 
addition, pollutants of concern meet one or more of the following specific ctiteria 
for Fuget Sound: 4) high measured wator column or effluent conwnwation, 5) 
existence of known sourcas, 6) high conantration relative to sediments from 
Puget Sound referenca areas, andlor 7) widespread dlstribullon in Puget Sound. 
The last t w ~  criteria were evaluated using data from over 1,000 sediment samples 
that have been Lncorporated into EPA's sediment quality dabbase (SBDQUAL) 
for Puget Sound. Some exmmcly toxic chemicals Lhat are supported by few 
environmental data in Pugat Sound are nevertheless included as pollutants of 

7 



INTRODUCTION 

concern because of sufficient public or agency concern over their potential 
impacts. For example, available data on chlorinated dibenzodioxins, chlorina~ed 
dibenzofurans, and chlorinated guaiacols arc summanzed even lhough information 
is available on lhcir disrribulion in only a few ateas of Pugct Sound. lnclusion 
of these chemicals with few data indicates gaps in present knowledge of toxic 
pollutants in Puget Sound. 

8 



POLLU?ANTS OF CONCERN 
TABLES: Table I 

2. POLLUTANTS OF CONCERN TABLES 
1 

The following four pollulants of concern tables arc provided in this chapter: 

n b l e  I: Regulatory Slatus and Analytical Considerations for 
Pollutants of Concern 

'Ihblc If: Criteria, Ouidelines, and Regulatory Action Levels 
for Pollultmts of Concern 

n b l c  III: Sources of Pollutants 
\ n b l e  IV: Concentrations of Pollutants in Pugct Sound. 

The information provided in each column of the tables, in addition to 
assodated references, is also d ~ r i b e d .  

TABLE I ,  REQULATORY STATUS AND ANALYTICAL CONS!DERATIONS 
FOR POLLtITANTS OF CONCERN 

i . '  

r The regulatory 'status of each contaminant and gcnbral analytical consider- 
ations are reviewed in 'hble I. 

i Column 1 -BPA idendfled 65 catclgories of priority pollurants (Including 

i 126 specific chemical substances lo be the focus for ygulation under the Clean 
Waler Act), 13ecause of [heir status m8 prlorlry pollutants (identlfled by PI T, 

f and N in column I), these chemicals are most frequently analyzed by contract ' 
laboratorla participating in EPA Superfund work. 

The list of poUutanls is found in the Code of Federal ~ogulations (CFR) Title 
40, Part 401.15. The complebilist of Inorganic and organic chemicals analyzed 
by Ihe EPA Contract hboratory Program (CLP) is found in U.S. EPA (1990a,b). 

Columns 2,3, and 4-Analytical methods for water, scdimcnt, and lissue 
samples aro listed in columns 2,3, and 4. PSEP has recommended guidelines for 
analysis of many toxb polluumts, includi~~g most EPA-dcslgnated priority 
pollutants. For some pollutants, existing EPA mothogs were adopted by PSEP 
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(c.g., metals in water). At lcast ono class of pollulants on the pollutants of 
concern list (i.e., organotin complexes) involvcs analytical proccdurcs that are not 
routinely available. 

Sources of information for columns 2, 3, and 4 include PSEP (1989a,b) and 
U.S. EDA (1983a, 1984a, 1990a,b). 

Columns 8, 6, 7, 8. 8, end 10--Limits of detection and practical 
quantification limits for analysis of pollutants will vary depending on the method 
used and the levcl of interferences prcsent. Columns 5-10 provide both limils 
of detection md practical quantification limits for water, sediment, and tissue. 
If PSEP protocols are available for lhese values, the PSEP-recommended limits 
are provided in the table and arc enclosed in boxes, Protocols dedicated to 
analysis of individual contaminants or groups of contaminants may yicld lowcr 
l~mits of detection. Individual project gods must be considered when choosing 
targct limits of detection. 

Limits of detection for water samples are listed in column 5 and are from 
PSEP (1989a) for inorganic chemicals and Metro (1981) for organic chemicals. 
Practical quan~ification limits for watcr samples arc listed in column 6. Thesc 
wcre obtained from EPA CLP guidelines for multimdia analysis of inorganic 
pollumts (tJ,S, BPA 1990a) and organic pollulants (U.S. EPA 1990b). 

Limits of detection for sediments are provided in column 7 and are in 
accordance with those recommended by PSEP (1989a, b). Practical quan ti flcation 
limits for sedimenrs are listed in column 8 and are dso consistent with PSEP 
recommendations (PSEP 1989a,b). Although quandfication limits for metals arc 
not specifically identified in PSI9 (1989a), the valuss in column 8 are consistent 
with a PSEP recommendalion [hat metals quantification limits be approximately 
3.3 timos the Umit of detection. 

Limits of datecrion are provided for tissue samples in column 9. Column 10 
provides practical quantification limits for tissue samplos. Thew levels are in 
accordance with those recammended by PSEP (1989a,b), 

Example -Benzo(a)Wmne is an EPA priority pollutant that has analytical 
methods available for water, sediment, and dssue samples. The water method for 
benzo(a)pyrene is a standard BPA procedure used in the analysis of watcr and 
wastewater samples. A PSEP protocol for water has not yet been devolopcd for 

10 
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benzo(a)pyrene; however, sediment and tissue guidelineslfor analysis are available 
for benm(a)pyrene through PSEP (1989a,b). These guidelines allow the use of 
various analytical techniques according to a consistent set of quality assurance and 
quality control (QAIQC) procedures. 

In water, the practical quantification limit for bcnzo(a)pyrenc is 10 pg1L 
(i.e., 10 ppb) for routine analyses of 1-liter samples by EPA CLP methods. 
Limits of detection (i.e,, 1 pgIL) can be obtained through special analytical 
service requests. Practical quandflcation limits and limits of detection are also 
available for benzo(a)pyrene in sediment samples. The limit of detection of 
10 pglkg dry weight for sediments shown in Table I for lynzo(a)pyrene is within 
the limit of detection ranp of < I to 50 &kg possible by different analytical 
procedures. Thc usc of limits of dctection rather than quantification limits are 
recommended for malyscs of benzo(a)pyrene in Lissue samples (i.c., 20 &kg 
wet weight) because of lhe potential use of tissue dala in risk assessment. 

11 
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T A U  L REGULATORY STATUS AND ANALYTICAL CONSWERATKIN!? FOR POUWAN13 OF CONCERN 

b ~etectton and ~kmtiti~&ian ~imts' 
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TASLE I. (Continued) 
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TABLE II: CRITERIA, GUIDELINES, AND REGULATORY ACTION LEVELS 
FOR POLLUTANTS OF CONCERN 

Criteria, guidelines, and regulatory action Icvcls in 'drinking water, ambient 
water, shellfish and fish tissue, and sediment are summarid- for pollutants of 
concern in lbble IS. 

Column 1 -Available goals, smdards, or proposed smdards for drinking 
water are included in column 1 and defined in footnote b of 'IBble 11. These 
values are provided for comparison with ambient water quality criteria provided 
in other columns of the labb. Under the Safs Drinking Water Act, EPA 
promulgates maximum contaminant level goals (MCLGs) for drinking water. 
These MCLGs are nonenforceable health goals. Primary MCLOs are set at a 
level at which no known or anticipated adverse eff'ecls on human health occur, 
allowing an adequate margin of safety. Maximum contaminant levels (MCLA) are 
enforceable standards that are set as close to MCLGs as feasible. MCLs may be 
set higher than MCLQs after considering factors such as available treatment 
technologies and cost effkctiveness. If MCLO or MCL valucs are not available 
for a pollutant, secondary MCLGs are provided as available. These secondary 
values address aesthetic qudities such as taste and odor. Finally, other values in 
"Ikble Kt that are proposed or are not yet available in find form are qualified by 
a "P" code. 

Primary and secondary drinking water regulations are found in 40 CFR Parts 
141 and 143, respectively. Proposed and recently finalized MCts and MCLC3s 
were published in the Federal Registor (U.S. EPA 198Sa) and updated 23 March 
1988. 

Column8 2, 3, 4, and 6-Ambient water quality criteria documents are 
published and updated rsriodlcally by EPA. These criteria reflect the latest 
scientific knowledge on identlflable effects of pollutants on public healih, 
freshwator and salhva(trr aquatic life, and recrcation. The available acute and 
chronic criteria are summarized and presented for freshwater and saltwater 
aquatic Ilfe in columns 2-5. Dashes indicate [hat no criteria or toxicity 
thresholds are available in Lhe wter qullllty criteria documen~s. 
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Thc arnbicnt water qualiry criaria documcnts arc published and updalcd by 
EPA. Data in Tablc I1 were obtaincd from tho Gold Book (U.S. EPA 1986a) and 
from thc water quality criteria documcnts announced in the ficdcral Rcgisrer (U.S. 
EPA 1985b). 

Columns 6 and 7-Human hcallh cffccts presented in thc ambicnt water 
quality documcnls are summarized in columns 6 and 7. Values in column 6 
(canccr risk) reflect estimates of ambicnl water concenlradons of known or 
suspected carcinogens that represent a one in onc million (10'6) incrcmenlal 
cancer risk. The 106 incrcmcntal canccr risk was chosen for use in the lablc 
bocausc it represents the middle rangc of valuos prcscntcd by EPA in the water 
quality criteria documcnu. Tho cancer risk conccntradon for carcinogens and no- 
effect (toxicity) concentrations for noncarcinogens were estimated by extrapolation 

, from animal toxicity or lluman epidemiological studies using LC following 
assumptions: a 70-kg man as the exposcd individual and an average daily 
consumption of freshwater and csaarinc fish and shellfish products equal to 
6.5 grams per day. Crilctria based on these assumpdons arc csdmatcd to be 
protccdvc of an adult male who cxperlences average exposure conditions. Thc 
ambient water quality documents^providc a wealth of information on conlami- 
nants. The values provided in columns 6 and 7 mercly summarize thc informa- 
tion contained in (the water quality documents and arc no1 meant to rcplacc Ihem. 
Dashes indicate t h ~ t  no human health data arc available in the water quality 
documents. 

, 

Columns 8 and 8-The U.S. Food and Drug Administration (FDA) has 
established aclion levels for a limited number of contaminants in seafood (i.e., 
fish and shcllnsh). These levels are listed in cclumn 8. These admin~slrarivo 
guidelines, when cxceeded, may trigger FDA to investigate the arca whcrc the 
seafood was raised or caught, A rangc of Icgal limits for seafood established by 
other countries is provided in column 9. Dashes indicalc h a t  no values were 
availablo, 

The FDA action levels have been compiled from FDA documents (U.S. FDA 
1982, 1984) Nauan (1983) compiled a summary of legal limits for other 
countries for Ihe Food and Agrlcullural Ordanintion of tho United Nations. 

Columns 10 'and 11 -EPA has dedvcd a measum nf toxicological potency 
ftom tho doso-response rolntionship for a chcmical of conccm using a data sct for 
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I the mosr scnsitivo species. Noncarcinogcns are charactcriied by a reference do% .- 
(RfD) value, which is thc highest avcmgc daily cxposurc ovcr a lifctimc that 
would not be expected lo cause adversc effccts. Carcinogens are characterized 
by a carcinogenic potency factor, which is a mcasurc of thc cancer-causing 

- potential of a substance. Both RfDs and carcinogenic potcncy factors arc 
, provided in Tdble II, columns 10 and 11, rcspeclively. Dashcs indicatc that 

neither an RfD nor a carcinogenic potency factor is available. 
! 

! Column8 12, 13, and 14-Expectcd (rnktn) equilibrium partitioning 
t values and lower and uppcr 95 pcrccnt confidence intcrval values have been 

dcterrnined for sediments for selccted nonionic organic chemicals and are 
provided in columns 12, 13, and 14. The values.were obraincd fmrn m a  , 
@larch 1989, personal communication) and arc normalized to organic carbon. 

Column 16-Some interim guidelines were recently dcvcloped for assessing 
sedin~ent quality. From a national database, the Battclle Marinc Research 
Laboratory and the Criteria and Standards Division of EPA developed what wcrc 
originally lcrmed probable no-effects lcvcls (PNELs) and are now termed 
screening lcvel concentrations (SLCs). To dovelop these guidelines, h e  prcscncc 
of a given benthic sptxies is carrdated to sediment contaminant concentrations 
to determine the minimum concentration for a given chemical compound that was 
not exceeded in 90 percent of the samples containing the species. This process 
is carried out for numerous species to daennine an SLC (Battcllc 1985a; 1986). 
Fourteen SLC values (normalized to organic carbon content) art! available for 
organic compounds in marine sediments and are listed in column 15, Dashes 
indicate that no SLC values were available. 

The source of the SLC values L Tablo I1 i s  a find report to EPA by Battellc 
(Nab et a!. 1987). 

. . 

Column 16-Chemical criteria for marine sediment quality standards havc 
reccntly bean proposed by Ecology (1990; WAC 173-204-320). Values shown 
in column 16 for inorganic and ionizable organic chemicals are oxpressed as 
adkg dry weight, Corresponding chemical cdtorfa for nonionic organic 
chemicals (in parentheses) are expressed as &kg oqanic carbon. Dashes 
indimto lbat no marine sediment quality standtvda were avrtilflble. 
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Columns 17, 18, 1% and 20-Other intcrim guidelines, called apparent 
effwrs lhreshold (AET) values, have been developed for fdcml and Washington 
state agcncics (U.S. EPA 1988; Ecology 1990), AET valucs wcrc derived using 
chemical and biological data from several Puget Sound investigalions. The AET 

a valltcs in columns 17, 18, and 19 are b a d  on toxicity data from the amphipod 
bioassay, the oyster larvae bioassay, and the Microtox* bioassay, respectively. 
AET valucs in column 20 are based on effects as measured by abundances of 
benthic inktuna. The AET values are dcfined as the concentralion above which 
statistically significant biological effects (P < 0.05) always occur in the databases 
of sediment samples used to crcate the values. Dashes indicate that AET vques 
have not been eslablished, usually because insufficientdata are available. , 

The data used in developing AET valucs are from Battelle (1985b), Chan et 
al. (198Sa,b), Osborn et al. (1985), Barrick et al. (1988), Romberg et al. (1984), 
Tetra Tech (1985b), Beller et al. (1988), Pastorok et al. (1988). and U.S. Navy 
(1983). 

Column 21 -Exceedance of crileria established in Ecology's Dangerous 
Waste Regulations [Ecology 1984 (revised 1990); Chapter 173-303 WAC] 
generally depends on the volume of waste generated as well as the chemical and 
physical characteristics of the waste. Allhough the numeric criteria are not easily 
adapted lo tabular format, WAC 173-303-9903 (Ecology 1984) designates a 
discarded chemical product as either a dangerous wastg O W )  or an extremely 
hazardous waste (EHW) and also provides the reayn for the designation. 
Reportable quantities for the discarded chemicals are determined in accordance 
with their toxic constituents, as established in WAC 173-303-081 and 173-303- 
084, The information from WAC 173-303-9903 has been provided in column 21 
where data are available, Chemicals that are not specific~:ly listed or designated 
may srill be classifled as EHW or DW by the regulations. Dashes indicate that 
the chemical is not specifically listed in the regulations. 

The Information in column 21 was compiled from Ihe state Dangerous Waste 
Regulations [WAC 173-303-9903, as amended by WSR 90-20-101 (17 October 
1990)] (Ecology 1984). Thw regula!ions incorporate, by reference, the National 
Institute for Occupational Safety and Hdth's Regisfry qf Toxic mecrs of 
Chemical Su&stances and EPA's spill table (40 CFR 302.4). Both the registry 
and'the spill table are references for determining toxic categories for constituents 
in a wasle. 



Additional data summaries of lifetime cancer risk vs. chemical concentration 
provided in Appendix A have been updated from Tetra Tech (1986a,b) using 
information from U.S. EPA (1990c), 

Example-No EPA drinking water standards or ambient water quality 
criteria have been set for benzo(a)pyrene. Some information is available for 
HPAH compounds, a gro~ip of organic chemicals on EPA's priority pollutant list 
lhat includes benzo(a)pyrene. These data include water concentrations described 
in EPA water quality criteria documents as apparent threshold levels for acute or-' 
chronic roxic effects on marine orflanisms (300 pglL) and an estimate of Ute loa 
incremental cancer risk (31.1 ng/L) to humans by consumption of contaminated 
seafood. The chemical criterion for lhe benm(a)pyrene marine sediment standard 
in Puget Sound is 99,000 pglkg organic carbon. Additional lcvcls of concern for 
benzo(a)pyrene in sediments are available for different biological effects indica- 
tors based on Puget Sound field investigations; resulting AET values range from 
1,600 to 3,600 &kg dry weight. The state dangerous waste regulations classify 
bcnzo(a)pyrene as a persistent hydrocarbon lhat has been sufficiently designated 
as a carcinogen (Category P,-I-; see Table 11) for reponable quantity purposes. 
Benzo(a)pyrene is a persistent HPAH compound for which there is sufficient 
animal or human data to establish the compound as a carcinogen. There are no 
FDA or other legal limits for benzo(a)pyrene in tissue samples. 
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TABLE Ill: SOURCES OF POLLUTANTS 

Major known sources of contamination around Puget Sound are listed in 
Table 111. Municipal and industrial discharges are the two main categories of 
point sources. Additional information of pollutant sources is summarized in 
Chapter 3, Descriprlon of Pollutants oJ Concern in Puger Sorind. 

Column 1 -For municipal discharges, cheinicals are classified according to 
their frequency of detection (i.e., detected in >2S percent of samples analyzed, 
detected in s25 percent of samples, or not detected). When results for fewer 
than five samples are available, no estimate of the frequency of detection is givcn. 
Dashes indicate that insufficient information (i.e., fewer than -five samples) is 
available to categorize the chemical. 

The municipal discharge data used to catego.ize the pollutants are from 
Metro's Toxicant Pretreatment Planning Study (TPPS) (Cooley et al. 1984) and 
Barrick (1982). Supporting data wcrc obtained from the city of Everett waste- 
water treatment plant (Baird, C.E., 1 August 1985, pcrsonal communication) and 
Class 11 inspection surveys (Andreasson 1990a,b; Hallinm 1988; Heffner 1988, 
1990~; Reif 1988a; Zinner 1991). 

Column 2-The types of industries from which release of each chemical has 
been documented is coded in the industrial (point source) column of Table 111 
(column 2). Each industry is given a separate descriptor code (e.g., ship building 
and repair is designated by the letter S). Dashes indicate that insufficient data are 
available to categorize the sources of these pollutants. 

Industrial sources of pollutants were determined using data from industrial. 
reports prepared by Ecology's Water Quality Investigation Section (Joy 1987; 
Norton et al. 1987; Stinson and Norton 1987b), and from Class II industrial 
surveys, including recent reports by Hallinan (1989; 1990a,b), Haltinan and Ruiz 
(1990), Heffner (1989a,b; 1990a,b), and Reif (1988b, 1990). Information from 
older Class I1 industrial surveys was abstracted from the Conmencement Bay 
rcmcdial investigalion (Tetra Tech 1985b) and feasibility study mtra Tech 
1986~). 'Additional data were included from Norton (5 February 1986, personal 
communication), Galvin and Moore (1982), Martin and Pavlou (1985), Palmork 
et al. (1973), Sittig (1980), Stmks (1976), and Young et d. (1979). 
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Column 3-Dab generated from combined sewer overflow (CSO) sampling 
are included in column 3. Chemicals found in CSOs are classified according to 
their frequency of detection (i.e., the same as municipali discharges). Dashes 
indicate that insufficient information is available to categorize the chemical. The 
Metro TPPS (Coalq et al. 1984) was the source of information on pollutants in 
csos. 

Column 4-Nonpoint sources are difficult to identify and quantify. 
Nonpoint sources listed in Table 111 include agricultural, urban, and industrial 
~ n o f f s  and groundwater seeps. The urban runoff designation includes those 
chemicals detected in > 10 percent of thc samples analyzed for the National 
Urban Runoff Program (NURP) (US, EPA 1983b). The 10 percent criterion, 
used in the NURP summary report, was also used in Table 111. Dashes indicate 
that insufficient information is available to categorize the type of source. 

Urban runoff data are primarily from NURP {U.S. EPA 1983b) and are 
considered representative of Puget Sound's urban runoff. The NURP study 
included analyses of runoff from Bellevue, Washington. Also accommodated in 
the table are urban and industrial runoff and groundwater data gathered by 
Ecology and other investigators, as summarized in Tetra Tech (1985b) and in 
recent reports by Johnson and Norlon (1989), Joy (1987), Norton (1988; 
1990a,b), Stinson and Norton (1987a,b), and Sdnson et al. (1987). 

Column 6-Occasionally, product spills (e.g., ore and oil) occur in Puget 
Sound that release chemicals into the environment. The types of spills lhat have 
occuncd in Puget Sound where chemicals are expected to be found are indicated 
in column 5. Dashes indicate lhat thcre are insufficient data to categorize the 
type of spill. Sources of information used to categorize pollutant spills include 
Nonon (1985b), Sittig (1980), and Tetra Tech (1985b). 

Example -&nzo(a)~rene has been detected in > 29 percent of available 
municipal effluent and CSO samples from Puget Sound. There am insufficient 
data to document the presence of benzo(a)pyrane in discharges from industrial 
point sources in P118ot Sound, although lhem are a number of industrial proasses 
that are expected to generate benzo(a)pyrene (e.g., combustion of fossil fuel, 
primary production of ferrous and nonferrous metals, and wood treatment with 
creosote). There are also insufficient published data from Puget Sound or NURP 
(U.S. EPA 1983b) to documcnt the prescnce of bcnzo(a)pyrene in discharges 
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from nonpoint sources in Pugct Sound, although 'benzo(a)pyrenc has been 
reported as a component of slormwater runoff in research studics conducted in 
Lake Washington, southern California, Narragansett Bay, and Europe. Benzo(a)- 
pyrcnc is an expected component of most ail spills. 
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POLLUTANTS OF CONCERN 
TABLES: Teble IV 

TABLE IV: CONCENTRATIONS OF POLLUTANTS IN PUGET SOUND 

Conccntntions of chemicals in sediment, fish and shellfish tissue, and water 
samples from Puget Sound are summarized in n b l e  1V. The summary for 
sediments includes substantial data for reference areas chosen by different 
investigators as regions removed from known sources of contamination in Pugcl 
Sound, as well as for nonreference areas (e.g., uhan embaymenls and h e  central 
basin). Data for (issue and water samples are more limited. Additional informa- 
tion on the general environmental dislribution of each pollutant is presented in 
Chapter 3, Descn'prton of Pollrrmnrs @Concern in Ptfger Sormd. 

Columns 1 through 16-A computerized database was used to calculate 
minimum, median, 90th percentile, and maximum concentrations found in 
sediment samples @en from reference and nonreference a r m  and urban bays in 
Puget Sound. Detection frequencies for sediment samples 'were also calculated. 
All sediment analyses conducted in Puget Sound h ~ v c  not been incorporated into 
the dalabase, but the data Ibr some cl~emicals represent nearly 1,000 samples 
from nonreference slations md 150 samples from reference stations in Pugel 
Sound. This database is continuing to be expanded. In all cases, the highest 
detected value is used as the maximum. Thc minimum is eidrer the lowest 
detccted value or the lowest detection limit for undetected values (whichever is 
smaller). These criteria were used because detection limits can vary substantially 
for different samples and sludies. Dashes indicate that insufficient data are avail- 
able to calculate concentrations, or that no data are avdlttble for lhat chemical. 

The sediment chemisl~ database compiled for Pupt  Sound (U.S. EPA 1988) 
lncludcs data from Chan e; al. (1985a,b), Battelle (1986), Bellcr et 1. (1988), 
Paslorok et al. (1988), Romberg el al. (1984), PSAMP (1990a,b), PSDDA (1988, 
1989) Tetra Tech (1985b, 1986d, 1990), Trial and Michuud (1985), and U.S. 
Navy (1985), Crecelius et al. (1989), PTI (1990). 

Column8 I 6,' 17, 18 and I g-Minimum and maxinlum concentrations of 
chemicals found in fish muscle tissue rve provided in columns 16 and 17 of 
Table IV. Minimum and maxinrum concentrations of chemicals in shellfish lissue 
are provided in columns 17 and 18. The data arc not prcscntly avdlablc in a 
form lhat readily allows compulalion of the medlans and pcrcenlllcs providcd for 
the sediments. Liver or hepatopancreas tissues are not included. However, 
limitcd chlorinaty dioxin and furan dale for Rsh tissues include whole flsh 
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POLLUTANTS OF CONCERN 
TABLES: Table IV 

samples reported by Terpening (4 Opober 1989, personal communication). 
Dashes indicate insufficient data are available. 

The summary ranges of wncsnktions in hb le  1V are intended to provide 
an indication of the magnitude of contamination in fish and shellfish tissues from 
Puget Sounrl. More detailed summaries by specific arcas of Pugel Sound and by 
species are provided in PSEP (1988b) and Faigenblum,(l988). Mean values are 
also provided in these reports, although not all of the data provided in the ranges 
in 'Ihble IV are included in those references. 

Tissue dau were compiled from Bcller'et al. (1988), CH2M Hill (1989), 
Clark (1983). Crecklius et al. (1989), Faigenblum (1988), Goldberg et al. (1983), 
Landolt et al. (1987), Malins et al. (1980), Norton 45 February 1986, personal 
communication), Pastorok et al. (1988), PSEP (1988b), PTI (1990), Sherwood 
el al. (1980), Tern Tech (1985b), Yake et al. (1984) and Terpening (4 October 
1989, personal communication). 

Columns 20 end 21 -Information for concantrations of pollutants in 
waters from reference areas has not yet been included in Table IV. Thus, 
columns 22 and 23 contain dashes indicating the lack of data. 

Columns 22 and 23-Minimum and maximuin concentrations found in 
nonreference Puget Sound waters are provided in columns 20 and 21 of Table 1V. 
The data are not presently in a form that allows computation of medians and 
percentiles provided for the samplcs. Blank spaces indicate that insufficient data 
are available. 

Receiving water data were compiled from water quality surveys by Ecology 
(Bernhardl 1982; Johnson and Prescolt 1982a,b,c,d; Norton 1985a,b), EPA 
(Osbom 1980a,b), and Metro (Romberg et al. 1984). 

Example-Benzo(a)pyrene is found in sedime~n from nonreference and 
reference areas and from urban bays. Based on the current database, concentra- 
tions of benza(a)pyrene in sediments. of Pugel sound Wnge from < I lo 100,000 
p ~ l k g  dry weight, although most conconvations (oven m nonreforencc areas) are 
~ 2 4 0  pglkg dry weight. Benzo(a)pyrene has been detected in shellfish tissue 
(mrairnum 240 pglkg wet weight), but not in muscle tissue of fish. Water 
concentrations of benzo(a)pyrcne in Puget Sound we typically undetected (i.e., 
< 1 pglL). 
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DESCRIPTIONS OF 
POLLUTANTS 

3. DESCRIPTION OF POLLUTANTS OF CONCERN 
IN PUGET SOUND 

In this chapter, chemical characteristics, common uses, exposure routes. 
bath effects, sources, and environmental fate are discussed for each pollutant of 
concern in Puget Sound when that information is available. Most of the informa- 
tion provided is generally awlable from reports published by the Agency for 
Toxic Substances and Disease Control Registry (a unit of the U.S. Public Health 
Service), Howard (1989, 1990), and Casarett and Doull(1986). 

INORGANIC CHEMICALS 

Descriptions are provided in this section for the 12 inorganic chemicals listed 
in Table 1 (see Chapter I), including cyanides and organotin. Three inorganic 
chemicals that have been designated priority pollutants by EPA in 40 CFR 401.15 
(i.e., beryllium, thallium, and selenium) were not recommended by Puget Sound 
expens during devclopmcnt of the pollutants of concern for this report. Although 
toxic. beryllium and thallium have not been found in Puget Sound in concenlra- 
lions that exceed reference levels. Selenium was found in elevated concentrations 
in only one Puget Sound study. Specval interferences occurring in connection 
with the particular instrumental analyscs used were considered the probable cause 
of the elevated results (PSEP 1989a). 

Antimony 

Antimony is a natural element that is found in over 100 mineral species. 
Antimony is not an abundant element and is usually found as a sulfide rather than 
in the pure form. The brittle character of antimony improves the hardness and 
lowers the melting point of certain alloys. Antimony compounds are widely used 
for the production of flame retardants, Areworks, matches, ammunition, and 
storage batteries. 

\ 

Exposure Routes and Rlska-The greatest exposure to antimony for 
humans occurs in connection with selected occupations (e.g., mining, industrial 
processing of antimony-containing ores, and commercial uses of antimony 
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tiioxide). Humans may ingest anlimony in small amounts in water and food. 
Inhalation is also an exposure route, especially in the vicinity of smelting facilities 
and municipal incinerators. Howevcr, environmental exposures from all media 
appear to be minor sources of,antimony for humans. 

Although antimony is toxic to mammals, including humans, few epidemiolog- 
ical studies of antimony have been conducted due to the lack of recognizable 
public health problems +risocfated with overall low levels of yposure to antimo- 
ny. Limited information is available conccming toxicity to freshwater organisms, 
but there is almost no information concerning the acute: or chronic toxicity of 
antimony to saltwater organisms. 

Sources and Fate -Antimony may enter aquatic systems from (he natural 
weathering of rocks, in soil runoff, in effluents from manufacluring facilities, and 
from municipal discharges. Smelting operations, fossil fuel combustion, and 
municipal incineration contribute to atmospheric antimony. lndustries involved in 
the manufacture of alloys, paints, lacquers, glazes, glass, and pottery and in the 
production of organic chemicals are sources of antimony. Other yurces include 
copper smelters, chloralkali plants, and smelter slag. The semiconductor industry 
also uses antimony in the production of infrared detectors and dipdes. Antimony 
has been detected, often at very high levels, in 74 percent of sediment samples 
taken from nonreference areas in Puget Sound (Table IV). The highest levels of 
antimony in Puget Sound [several thousand parts per million (ppm)] are associated 
with copper smelter wastes (Tetra Tech 1985b). 

Solubilities of antimony compounds range from insoluble to fully'soluble. 
Inorganic antimony compounds may be only slightly water soluble or may 
decompose in aqueous media. Certain compounds undergo hydrolysis or 
oxidation and are not environmentally persistent. However, antimony associated 
with smelter wastes in Puget Sound is expected to be highly persistent (Tetra 

, Tech 1985b; 1986~). , I 

I 

Arsenic is a naturally owning  element not commonly found in its pure 
state, Arsenic generally combines with one or more other elements. For 
examylo, arsenic commonly combines with oxygen, chlorine, or sulfur to form 
the inorganic species, while arsenic can dm combine with cattron and hydrogen 
to form the oqanic species, Arsenic exists in a variety of chemical forms in 
marine and estuprine ecosystems, including inorganic species, mothylated forms, 
arseno-lipids (fats), arseno-sugars, and other biochemical forms. Data for total 
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arsenic are difficult to interpret in relarion to effccts in a particular environment 
because of the multiplicity of organic and inorganic chemical species involved. 

Exposure Routes and Risks-All humans are exposed to low levels of 
arsenic because of ia wide distribution in the environment. The Pacific North- 
west, in particular, contains naturally high levels of arsenic because of the erosion 
of rocks that are cndched in arsenic. Greater than average exposure may occur 
in certain occupations (e.g., metal smelting, waod preservation, and pesticide 
application) or because of proximity to natural mineral deposits, chemical waste 
disposal sites, or industrial sources. 

Most humans are exposed to arscnic by ingesting food containing arsenic; 
drinking water and air provide lower amounts. Although some arsenic may be 
absorbed by the skin, skin absorption is a much less important exposure routc 
than ingestion. 

In general, the toxicity of arsenic is a function of its chemical and physical 
form. Organic arsenic is less toxic than inorganic arsenic. Therefore, because 
organic arscnic predominates over inorganic arsenic in mosl fish, macroalgae, 
mussels, and shrimp, health concerns from consumption of arsenic-contaminated 
rissucs are generally low. Arsenic compounds that are more soluble tend to have 

F more acute toxicity. For example, arsenic (III) compounds are generally more 
toxic than arsenic (V) compounds. Inorganic arsenic has been recognized as a , 
human poison since ancient times; ingestion of large doses causes death. 
Ingestion of lower doses produces a variety of systemic effects. Animal studies 
suggest fetal effects, but this area has not been well studied in humans. Moltled 
pigmentation and small lesions on the skin are the most common indication of 
chronic oral exposure to inorganic arsenic. There is clear evidence that such 
lesions can develop into skin cancer. Allhough inhalation exposure causes much 
milder systemic effects, there is growing concern over the threat of lung cancer, 
especially with occupational exposure. 

Inorganic m i c  is a r e c o ~ n M  huban carcinogen. However, i h m  are few 
human studies of carcinogenicity and toxicity of arsenic that have included 
different arsenic forms. An additional complicating factor is the limited utility 
of animal studles as predictors of human effects because of the greater sensitivity 
to arsenic by humans. While (here is evidenco (hat exposure to low levels of 
arsenic has beneficial health effects in some spccies (e.g., rats, goats, chicks, and 
minipigs) (U.S. EPA 1984d1, the beneficial daily dose is quite small (i.e., 10- 
50 pglday). This amount is normally ,supplied in a human diet that does not 
include safood, which may increase the daily inlake to 200 &day (Casarelt and 
Doull 1986). 
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Toxicity and other effects of arsenic on aquatic life are significantly modified 
by changes in water temperature, pHl organic content, phosphate concentrations, 
suspended solids, and presence of other substances and toxicants, as well as with 
arsenic speciation and duration of exposure. Large interspecies differences in 
toxicity are recorded even among species that are closely relared laxonomically 
(U.S. FWS 1988). 

Sources and Fete-Combustion of fossil fuels is a major source of arsenic 
in Ihe atmosphere. Tobacco smoke is arotl~er source. !No arsenic is currently 
produced in the United States except as a by-product of other operations, such as 
the smclting of copper, lead, zinc, gold, and silver ores. However, arsenic is 
imported for use in wood preservatives, pesticides. and herbicides, Use of 
arsenic-containing pesticides has declined in recent years because of the dcvelop- 
men1 of less broadly toxic subdtutcs. Arsenic is also used as an alloy additive 
to lead and copper and in the manuhcture of low-melting glasses. ,Although 
relatively small, use of arsenic in transformers is increasing. Consumer products 
that once contained arsenic (e,g., paints, dyes, and rat @sons) are no longer in 
general use; therefore, exposure from these sources is minimal. 

A former copper smelter plant located in Tacoma may have contributed as 
much as 25 percent of Lhe total amount of anthropogenic arsenic in the world 
(Phillips 1990). In the United States, arsenic trioxide was produced only at this 
smelter, which closed in January 1986. Although 90 percknt of United Slates 
surface waters contain less lhan 10 parts per billion @pb) arsenic, higher concen- 
trations have been reported in the Puget Sound a m  (up to 3,800 ppb) because of 
smelting operations and natural sources of arsenic (Crccelius el al. 1975). 

~rsenic  may be released to the atmosphere as a gas vapor or adsorbed to 
particulate matter. However, most arsenic in the air is adsorbed to particulate 
matter. It may be transported to other media by wet or dry deposition; photolysis 
is not considered an important fate process for arsenic compounds. 

Arsenic in surfacc water can undergo a complex pattern of transformations. 
Arsenic is extremely mobile in aquatic- systems and, as a result, rivers ak a major 
source of arsenic to Puget Sound and oceans. Sorption to clays, iron oxides, 
manganos~ cqmpounds, and organic malerids is an i i n p o ~ n t  fate of arsenic in 
surface waters. However, as waters become more alkaline or saline, arsenic L 
less likely to be adsorbed. Arsenic in water and soil may be reduced and 
methylawl by fungi, yeasts, algae, and bacteria, and these forms may volatilize 
and escape into Ihe air. Tl~e rate of volatilization may vary considerably, 
depending on soil conditions (aerobic or anaerobic), pH, and the presence or 
absence of microbes. 
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Plants may accumulate arsenic via root uplakc from soil solution, and certain 
species may accumulate substantial arsenic lcvels. Bioconcentration of arscnic 
also occurs in aquatic organisms, primarily in algae and lower invertebrates. 
However, biomagnification in aquatic food chains does not appear significant. 
although some fish and invertebrates contain high levels of arsenic compounds 
that are relatively inen toxicologically. In Puget Sound, higher concenlrations of 
arsenic are accumulated by invenebrates and musscls located near pollutant 
sources, but there is no evidence for increased accumulation of arsenic in Puget 
Sound fish near industrial sources relative lo reference conditions or for biomag- 
nification of arsenic in the food chain (Ginn and Bamck 1988). 

I 

Cadmium 

Cadmium is a naturally occurring element usually encountered in combina- 
tion with other elements such as oxygen, chlorine, or sulfur. Cadmium com- - . 
pounds are all stable solids that do not evaporate. 

d 

Exposure Routes and Rlsks-For humans who are not subject to occupa- 
tional exposure to cadmium, the primary exposure route is ingestion of food 
containing cadmium. Contamination of topsoil through the application of 
phosphate fertilizers or sewage sludge increases cadmium levels in foods. Another 1 

source of cadmium is tobacco smoke. Smokers have approximately twice as 
much cadmium in their bodies as nonsmokers. U.S. EPA (1990~) has designated 
cadmium a probable human carcinogen by the inhalation route. 

Cadmium is not known to have any beneficial health effects, but can cause 
a number of adverse effects on humans and other organisms, including death. 
Although high-level exposures are rare, there is great concern regarding the 
effects of low-level, long-term exposure. Soluble cadmium compounds have 
grcater toxicity than insoluble cadmium compounds because they are more readily 
absorbed by the M y .  Typical levels of cadmium exposure through ingeslion of 
food and water or through inhalation of air (approximately 0 . 0 4  mglkg per day) 
are not a major health concern. However, cadmium is metabolized by humans 
very slowly and even low d a m  can result in the accumulation of toxic levels if 
the oxpasure continues for a long period of lime. Because of the severe effects 
of cadmium exposure, there is pending federal legidation proposing a ban on the 
use of cadmium in pigments and on other nonessential uses. 

Sources and Fate-Most cadmium in Ihe United.States,is obtained as a by- 
product from the smelting of zinc, lead, or coppcr ores. Cadmium is used 
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primarily in me? plating and the manufacture of pigments, batteries, and 
plastics. Cadmium is not onen encountered at lcvcls of concern in water, 
although it can leach into walcr from pipes and solder or may enter water from 
chemical wasre disposal sites. The largest source of cadmium to the gencral 
environment is lhe combustion of fossil fuels (such as coal or oil) or the incincra- 
Lion of municipal waste ~naterials. 

Cadmium in the atmosphere is persistent and easily respirable. It can be 
transpond to soil and water through wet or dry deposition. Cadmium in surface 
water is relatively mobile. Because cadmium exists only in the 24- oxidation 
slate, aqueous cadmium is not strongly influenced by lhc oxidizing or reducing 
potenrial of water. Sorption by clays and iron oxides is importan1 for reducing 
cadmium in water. Cadmium is not rcduccd or methylated by microorganisms. 

Cadmium is readily accumulated by all organisms, lhrough both food and 
water. Cadmium accumulates in freshwater and marine organisms at concentra- 
tions hundreds to lhousands of dmes higher han the concentrations found in 
ambient water (Callahan et al. 1979). Aquatic bioconcentration is greatest for 
invertebrates such as molluscs and cruslaceans (bioconcentration factors range up 
lo 250,000), followed by fish and aquatic plants. Bioconcenlration factors may 
range up to 1,000 for aquatic plants and up to 3,000 for fish (Callahan et al. 
1979). Typical concentrations of cadmium in organisms from nonpolluted areas 
range from 1 to LO pglkg in fish and from 100 to 1.000 pglkg in shellfish (U.S. 
EPA 1981; Casarett and Doull 1986). These values are similar to lhose docu- 
mented in Puget Sound ('hble IV). The highest conmuation of cadmium in 
Puget Sound sediments is associated with smelter wastes in Commencement Bay 
(Tctra Tcch 198Sb). 

Chtomlum 

Chromium is a lustrous metal found in crystal or powder form, It is a 
natural element occurring primarily as he mineral chromite. Since 1961, all 
chromium oras have been imported by the U.S rather than mined. Chromium is 
widely distributed in the environment and occurs in four different oxidation states. 
Only two of hese forms, trivalent chromium [Cr (III)] and hexavalent chromium 
[Cr (VI)], are environmentally importanl. Trivalent chromium Is more common 
and stable than hexavalent chromium, which is h e  more toxic and commercially 
important form. In addition, hexavalent chromium is a strong oxidizing agent. 
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Exposure Routes and Rlaks-The primary routes of exposure to chromium 
for humans are Inhalation, ingestion, and dermal conlact. Although the general 
public is continuously exposcd to trace amounts of chromium, occupational 
expbsurc is the major human health concern. 

Chromium is an essential nutrient in trace amounts, but excess hexavalcnt 
chromium causes kidney damage, binh defects, and genetic murations in animals 
and humans. Thc adverse health effects of excess lrivalent chromium are similar, 
but much higher concentrations are required to product? these effects (U.S. EPA 
1986a). Therefore, analysis for total chromium in environmental samples may 
not bc sufficient to establish toxicity. It is not known whether trivalent chromium 
is a carcinogen. AlUlough no data are available concerning the acute toxicity of 
trivalent chromium to saltwater organisms, hexavalent chromium is highly toxic 
to aquatic organisms. 

Sources and Fate-Chromium is widely used in &ctroplating and metal 
finishing, in paints and fungicides, as a catalyst, and as a component of wood 
preservatives. Chromium can be found in emissions from copper smelters and 
coal -combustion and in slag used as fill and sandblast ,grit. The two major 
sources of hexavalent chromium are cooling towers and chrome plating wastes. 
Although chromium has been detected in fish, water, and sediments fhroughout 
Puget Sound CIgble IV), dam are lacking on the relative amounls.of lrivalent and 
hexavalent chromium. However, most chromium in Puget Sound appears to be 
associated with natural sources (Barrick et al. 1988). 

The dominant fate process for.chromium in the aquatic environment varies 
with the species of chromium. While trivalent chromium rapidly adsorbs to 
particulate material, hexavalent chromium does not. Hexavalent chromium is 
accumulated by marine animals, but the trivalent form is not accumulated to a 
significant degree. Ultimately, Ihc fate of both forms of chromium depends on 
a number of factors including pH, dissolvcd oganic carbon levels, sediment 
organic matter content, and physical properties of sediments, 

Copper 

Copper is a meud that occurs naturally in rack, soil, water, sediment, and 
air, as well as in plants and animals. It is an essential element for all living 
organisms. Copper compounds occur bolh naturaHy and anthropogenially. 

t Copper is mined cxtensiveiy and is extremely mallcable. 
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Exposure Routes and Rlaka-Because copper is common in the environ- 
- 

men!, humans may be exposed through inhalation, ingestion, and dermal contact. 
However, exposure to humans is likely to be limited because copper binds 
strongly to dust and din or becomes embedded in olher materials. Such copper 
is not easily absorbed. Copper found in hazardous waste sites is usually in this 
particulate form. Soluble copper co,mpounds used most commonly in agriculturc 
may pose a greater health concern because they may be taken up by plants and 
animals or released into rivers and lakes. The risks from the tmspon of soluble 
copper compounds to surface water and groundwater may be lessened because 
they are rapidly adsorbed to particles. 

Humans normally consume approximately 1 mg of copper per day. Although 
a large single dose of copper may cause kidney and liver damage or death, the 
body has effective me:hanisms for blocking the entry of excess capper. Infants l* 
and small children are more sensitive to copper than adults, although there is no 
evidence regarding human reproductive or fetal effects from excessive exposure 
to copper. Copper is not a known carcinogen based on animal studies to date. 
There is little information regarding copper toxicity in humans, and the cffecls 
of inhalation and dermal contact have not been well studied. However, copper 
can be highly toxic to aquatic organisms at concentrations that are only somewhat 
higher than nutritional doses. Because copper is highly toxic to marine plants, 
copper-containing paints and preservatives have been widely used to conlrol algal 
growth on boats and piers. 

Sources and Fate-Copper i s  used primarily as an alloy in the manukcture 
of wire, sheet, metal, pipe, and olher metal products, especially brass and bronze. 
Copper is also used i n  agricullure to treat plant diseasos such as mildew. Olher 
uses include water treatment (as an algicide) and preservative treatments for 
wood, leather, and fabrics. Consequently, copper may be found in Ihe effluents 
of industries associated with those uses. 

Several processes determine Ihc fate of copper in water including sorption, 
complex formation, and bioaccumulation. In addition, h e  fate of copper is highly 
depeirdent on pH, biological activity, and the presence of competing heavy 
meds. The bloconcentration factor of copper in fish is 10-100, which is 
relatively low compared with other species that easily bioaccumulate. For 
example, bloconwnua(ion factors in oysters may reach 30,000 (Callahan et al. 
1979; U.S. EPA 1984b). The absence of substantial bioaccumulation of copper 
by Puget Sound fish relativo to levels of sediment conlamination in some areas 
of the sound is consistent with the considerable ability of marine flsh to regulate 
levols of most motals in musclo tissue (Ginn and Barrick 1988). 
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Cyanldea 

Cyanides are a diverse group of organic and inorganic compounds. Hydro- 
gen cyanide is the best known and most toxic of the cyanides. It occurs mrely 
in nature and Is usually prepared commercially from ammonia and methane. 
Cyanide ions can react with a variety of metals to form insoluble metal cyanides. 
Iron cyanides (ferricyanides and femyanides) have a variety of industrial uses. 

Exposure Routes and Rlsks-Cyanide is readily absorbed by humans 
through Lhe skin ;md all mucous membranes. Inhatalion is also an exposure 
route, although alkali salts of cyanide are toxic only if ingested. In general, an 
organism exposed to cyanide will either quickly metabolize the substance or be . killed. In the case of hydrogzn cyanide, death is caused through interference with 
the enzymes associated with cellular oxidation. Death occurs within minutes to 
several hours a e r  exposure to even small amounts of sodium or potassium 
cyanide, depending on the exposure route. Death is more rapid after inhalation 
of cyanidc fumes. " 

Sources and Fate-Cyanide is found in certain rat and pest poisons, silver 
and metal polishes, photographic solutions, and fumigants. It may be found in 
the effluents of copper smelters and melal manuhcturing facilities. 

The data on fate of cyanides in the aquatic environment are inconclusive and 
should be interpreted with caution. Volatilization and biodegradation appear to 
be the dominant processes affecting aquatic cyanide. Cyanida are sorbed by 
organic materials and, to a lesser extent, clay minerals. Hydrogen cyanide is not 
strongly partitioned into bcnlhic or suspended sediments, primarily due to its high 
water solubility. However, the simple metal cyanides are insoluble and probably 
accumulate in sediments. Complex melal cyanides arc transported in solution 
through the water column. Changes in tho concentration ratio of mclllls to 
cyanide can alter the behavior of the metal-cyanido compounds. If the metals 
become more prevalent, formation of the simple metal cyanides is favored; if the 
cyanide becomes more pmvalent, the complexed forms occur. Iron cyanides do 
not release cyanide without exposure to ultraviolet light; thus, sunlight can cause 
mobilization of cyanide in water containing iron cyanides. 

There is litde potential for bioaccumulation of cyanides; hydrogen cyanide 
is either mclabolized or is fatal to organisms, Metal cyanides are less toxic and 
may have a greater tendency to bioaccumulate. Cyanides are bidegraded at low 
concentrations by almost all organisms. 
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Leed 

lead is a naturally occurring heavy metal that is a major constituent of more 
than 200 minerals, the most c0,mmo.n of which is galena. The metal is bluish- 
white, very, son, 'highly malleable, ductile, a poor conductor of electricity, and 

, very resistant to corrosion. . , 

Exposure Routes and Rlsks-Humans accumulate lead by ingestion of 
food, water, and soil; through exposure to other sources such as ink and paint; 
and by inhalation of atmospheric lead. Controversy exists over the relative 
importance of thesc sources and their contribution to the toxic effects of lead in 
humans. 

Exposure to lead has been linked to a wide range of cfkcts in humans, . 
including neurological disorders and impairment of blood synlhesis. Considerable 
rescarch has &en conducted on lead levels in human tissues and on correlations 
between levels of lead in children and impaired intellectual development. Certain 
lead compounds (i.e., lead acetate and lead sulfate) have been designated probable 
human carcinogens by U.S. EPA (1990~) based on animal tests. 

Little research has been conducted on the effects of lead on aquatic organ- 
isms, particularly marine organisms. Acute toxicity to lead has been documented 
for 13 saltwater species at concentrations in water that range from 315 to 
27,000 ppb (U.S. EPA 1986a). Chronic effects have ban documented for 
mysids and some species of macroalgae. In addition, lead can suppress reproduc- 
tion in marine polychaetes. 

Source8 and Fate -The primary sources of lead to the environment include 
discarded batteries, leaded gasoline spills or leaks,, motor vehicle emissions, 
paints, inks,' dyes, and the emissions and slag of copper smelters. Lead is also 
used in some chemical processes and is present in solder and plumbing. Because 
lead is ubiquitous in urban arcas, urban runoff is a common source of lead 
pollution, Concentrations of lead in sediments from urban bays of Puget Sound 
can be as much as 10 limes higher than those found in reference areas of Puget 
Sound and, In isolated cases, may be as much as 1,000 timcs higher (lbtra Tech 
198Sb, Beller et al. 1988, Pastorok et al. 1988). 

The fate of lead is influenced by the particular oxidation state [i.e,, Pb (01, 
! Pb 0, or Pb (IV)]. Lead cxists principally as Pb in most waters, and 
! adsorption to sedimenls and suspended sediments is the predominant hte. Lead 

f. tends to form cornplexcs with organic marerids in water, Benthic microorgan- 
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isms can methylate inorganic lead lo form a more volatile and toxic form. 
Bioaccumulation occurs with weakly sorbed Icad, although biomagnification is no1 
generally significant. Bioconcentration factors tend to decrease as thc aophic 
level increases. 

Mercury 

Mercury is a naturally occurring element used in its pure form in many 
consumer products (e.g., lhermometers and barometers). It is also found in 
compounds with other chemicals such as chlorine. Organic mercury (e.g., methyl 
mercury) can become highly concenttated in the flesh of carnivorous freshwater 
and saltwater fish (e.g., concentrations in pike aid swordfish have exceeded I 
pg/g in tissue) (U.S. EPA 1984~). Therefore, olherwise low levels of mercury 
contamination in.occans and lakes can lead to contamination of these fish that 
may be toxic to humans. Mercury that is.rcleased to the environment remains 
there indefinitely and its form (inorganic or organic) may change over time. 

Exposure Routes and Rlsks -Because mercury occurs naturally, exposure 
to low levels from all media is continuous. Certain segments of the general 
population are exposed to higher levels of menury through the consumption of 
large amounts of fish that accumulate mercury. Inhalation of mercury associated 
with occupational exposure also is a source of higher levels of mercury. Occupa- 
tions posing greater than normal risks of exposure include health-related, 
chemical, metallurgical, electrical, automotive, and building industries. 

Mercury easily enters thc body via inhalation and ingestion, and some 
mercury may be absorbed through the skin. In particular, methyl mercury is 
readily accumulated by flsh, which has led to major concerns for human health 
from the consumption of mercury-contaminated fish. Mercury that has entered 
the body may take months to be eliminated. Long-term exposure to either 
organic or inorganic mercury can irreversibly damage the brain, kidneys, and 
developing fetuses. The form of mercury and the route of exposure influence be  
sevcrity of health effects (ATSDR 1989a), For example, ingestion of organic 
mercury in contaminated flsh or grain causes greater damage to the brain and lo 
developing fetuses than to the Mdneys. Inhaled inorganic mercury vapor tends 
to cause greater harm to the bmin. Inorganic mercury ingested in conhmlnated 
food or water Lends to cause greater harm to the kidneys. Short-term exposure 
causes similar effects, although full recovery is more likely. Mercury has not 
been proven carcinogenic. Effects of mercury reported in studies of aqu~tic 



DESCRIPTIONS OF 
POLLUTANTS 

organisms included increased mortality, reduced .growth and rcproduction, and 
skelctal abnormalities. Mcrcury is corisidered Ihe most toxic of the heavy melals' 
to aquatic organisms. 

Sources and Fate-Mercury in Ihc environment has both natural and 
anthropogenic; sources. The maor source of atmospheric mercury is slobal 
degassing of mineral mercury from lhe soil and water, at a rate of approximately 
30,000 metric Ions per year W.S. EPA 1984~). Subsequent deposition of 
atmospheric mercury in the ocean (approximately 11,000 meuic tons per year) 
is lhc predominant source to the marine environment;) land runoff accounts for 
less lhan half this amount. Releases of mercury to the air by human ac1ivitie.s are 
estimated at 2.000-10.000 metric tons per ycar, mostly from the mining and 
smelting of mercuh ores, industrial processes, and combustion of fossil fuels 
(especially coal). Olher sources of emissions may include chloralkali manufactur- 
ing facilities, copper and zinc smelling operations, paint application, and waste 
oil combustion. Of these, fossil fuel combustion is the largest source. 

Weathering of mercury-bearing minerals in racks releases approximately 800 
rnaric tons of mercury per year to surface waters. Mercury is also released to 
surface waters in effluents from numerous industrial sources including mining 
operations, ore processing, chloralkali production, metallurgy and electroplating, 
leather tanning, and the manu~cture of chemicals, in?, paper, pharmaceuticals, 
and textiles. Mercury was used in marine paint to control mildew and barnacles 
before the 19708, contributing to contamination of sediment near marinas and ship 
repair facilities. Mercury is released to cultivated soils through Ihe direct 
application of inorganic and organic fertilizers (e.g., '?wage sludge and compost), 
lime, and fungicides. Additional releasf% occur through the disposal of industrial 
and domestic produc~s (e.g., thennometers, electrical~switches, batteries) as solid 

^ wastes in lhdfills. In Puget Sound, a mdor historical source of mercury has 
been a chloralkali plant in Bellingham (Bothner 1973). 

The global cycling of mercury is characterized by degassing from soils and 
surface waters, followcd by atmospheric transport, deposition to land and surface 
waters, and sorption to soil and sediments, The atmosphere is Ihe smallest 
environmental reservoir for mercury, containing only about 1,000 meuic tons. 
Mercury is removed from Ihe atmosphere through wet and dry deposition and by 
the sorption of mercury vapor to soil and surface waters. Transport and 
partitioning of mercury in surface waters and soils is a function of the particular 
form of mercury. Volatile forms evaporate to the atmosphere, while solid forms 
padtion to sediments or suspended sediments or ue transported in lhe water 
column, depending on solubility. Nonvola~ile forms of mercury sorb to soil and 
sediment. Bacteria common to most waters are capable of converting virtually 
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' any mercury dompound t o ' . ~ i c  methyl mercury, which has significana in 
bioaccumulation. 

Nickel . . , 

~ i c k e l  is a natural element that forms compounds with sulfur and oxygen. 
Nickel is silvery-white,'hard, mallcable, ductile, somewhat ferromagnelic, and 
a fair conductor of heat and electricity. The commonly occurring oxidation states 

' 

of nickel are Ni (O), Ni 0, and Ni (In). In addition to natural sources, nickel 
is produced either as a by-product from copper refining or is- recycled or 
reclaimed from secondary sources. 

Exposure Routes and Rleka-Occupational inhalation of nickel, especially 
in the nickel-refining industry, presents thc most serious exposun: risk to humans. 
However, humans may also be exposed to nickel by ingestion or dermal contact 
because nickel is p m n t  naturally in the environment. Dictary nickel levels have 
been estimated to range from 100 to 300 pglday and average 165 pglday 
(Casarett and h u l l  1986). 

There is growing evidence that nickel may be an essential Itace element for 
i mammals. Howevcr, nickel is not well absorbed by the body and is excreted 1 almost completely within 5 days, Dermal exposure may also cause allergic 

reactions, There is limited evidence of Ule carcinogenicity of nickel and certain 
nickel compounds in humans. However, there is sufficient evidence indicating 

I 

carcinogenic effects to workers exposed to nickel sulphide fumes and dust at 

i 
nickel-refining facilities. Reduced larval survival and growth were reported in 
studiss of aquatic organisms exposed to high levels of nickel. Nickel is apparent- 
ly quite toxic to freshwater algae at concentrations of approximately SO pg/L; 
acute toxicity to salhvater species may occur as low as 150 pglL (e.g., juvenile 
mysid) (U.S. EPA 1986a). 

Sources and Fate-Nickel occurs naturally and enters the environment 
through natural wealhering processes. Nickel is also released as industrial 
effluent or as atmospheric emissions from its use in elecuoplating, in metallic 
alloys, as a catalyst for various organic processes, in batteries, and in enamels, 
ceramics, and glass. Nickel is widely used to produce stain!ess steel, coins, 
nickel steel for armor plate, and as a catalyst for hydrogenating vegetable oils. 
Nickel has also been found in tho effluents of copper smelters, chtoralkali plants, 
pulp mills, and dry-cleaning facilities. 
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Nickel has been found at somewhat elevated concentrations in some sedi- 
ments from nonreference areas of Puget Sound (Table W). However, the mean 
concentration of nickel is virtually identical in referencb and nonreference areas 
of the sound, suggesting a predominantly natural source. 

Nickel & be exlremely mobile in aquatic systems because many nickel 
compounds are highly soluble,in water. However, in unpolluted environments, 
nickel is primprily associated with suspended particles and organic material or is 
coprecipilated with hydrous iron and manganese oxides. Photolysis and volatil- 
ization are not important fate processes for nickel. Although nickel is bioaccumv- - 
lated, the bioconcentration factors suggest that partitioning into biota is not an 
important fate process. 

Silver 
I 

Silver is an element that occurs naturally as a soft metal. A common 
anthropogenic source of silver is the disposal of photographic wastes in municipal 
wastewater treatment systems. Silver from photographic praccsses is usually 
released as soluble silver thiosulhte, which is convert@ to insoluble forms during 
wastewater treatment. Environmentally important forms of silver include silver 
nitrate and silver sulfide, which are the forms usually, found at hazardous waste 
sites. 

Exp08urs Routes and R1sk~-In the aquatic environment, silver i s  one of 
the most toxic mctals to organisms, especially invertebrates and fish 
(U.S. EPA 1980). The loxicity of silver to aquatic organisms ranks second only 
to mercury among the heavy mctals m b l e  U). Most ipeople are exposed to very 
low levels of silver, primarily through food and drinking water, which come at 
least in part from naturally occurring silver in soil and water. Occupational 
exposure is another source, especially in medicine, jewelry-making, soldering, 
and photography; Silver may also enter the body by inhalation or dermal contact; 
however, these are much less imponant routes of exposure to silver than 
ingestion. Most of the silver that is consumed or inhaled leaves the body within 
1 week. Little information is available about the 'fate of silver in the body 
resulting from dermal contact. 

Greying of the skin and other body tissues is a well-known and permanent 
result of long-term exposure ,to silver compounds. ,Generally, many exposures 
to silver are required to produce this effect. Inhalation of dust containing 
relatively high levels of silver compounds (e.g., silver nitrate or silver oxide) may 
cause breathing problems, lung and throat initation, and stomach pain. Dermal 
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exposure has caused mild allergic reactions in some people. Higher occupational 
exposures may cause kidney problems, but existing studies m inconclusive. 
There are no other repaned health effects of silver exposure. 2 

Sources and Fate -Discharges of photographic materials into wastewater 
4 

is the major source of silver released into the environment. It is also released as 
a by-product from the mining of copper, lead, zinc, and gold ores. Direct mining 

I 
4 
7 

of silver is another large source. Hazardous waste sites are sources of silver 
compounds, and silver is released naturally through the weathering of silver- 3 
bearing rocks and soil. 

Other important sources of silver include the, manufacture of electrical 
! 

contacts, silver paints, and batteries, as well as steel refining, cement manufkctur- 
1 
3 

ing, fossil fuel consumption, municipal waste incineration. and cloud seeding. i 

Ore smelting and fossil fuel consumption processes emit fine particles of silver ? 

to the atmosphere. Sources of elevated dietary silver include seafood from areas 
near sewage outfalls or industrial sources and crops grown in areas with high 
ambient levels of silver in the air or soil. 

-i 
1 

Silver is capable of being transported long distances in air and water. It is ! 
stable and remains in the environment until it is mined, but may change forms -4 
depending on environmental conditions. Sorption and precipitation are the 

4 
4 

dominant processes controlling partitioning in water and movement in soll. Silver 
may leach from soil into groundwater. Silver is bioconcentrated to a moderate 
extent in fish and invertebrates. There appears to be little potential for silver 
biomagnification in tested aquatic food chains (Callahan et al. 1979). 

1 
j 
! 

Zinc is found naturally in air, soil, and water and is present in all foods. It 
is an essential nutrient for all organisms in trace amounts. As a refined metal, 
zinc is used in its pure form, as an alloy with other metals, and in compounds 
with chemicals. 1 

Exposure Routes and Rlsks-Zinc enters Ihebody easily through ingestion 
and Inhalation. Dermal absorption is a relatively small exposure route for zinc. ' 
Most zinc not needed by the body is excreted. Higher than average exposure to 
zinc can occur from drinking water that has been stored in galvanized metal 
containers, from sources contaminated with industrial zinc wastes, and from Ule 
air at galvanizing, smelting, wclding, or brass foundry operations. Higher levels 

60 

i 
1 
d 



DESCRIPTIONS OF 
POLLUTANTS 

of exposure can also resul~ from use of dietary supplemen~s and by injeciion of 
certain dmgs (ag., insulin) that conrain zinc salrs. 

Gastrointcsdnal problems can occur after ingestion of excess zinc; severity 
of the problems can increase with long-term ingestion. Excess zinc may also 
interfere with the body's ability to absorb and use other essential minerals such 
as coppcr and iron. Inhalation of zinc may cause metal fume fever, a temporary 
syndrome. Zinc is not known to cause cancer or birth defects. Insufficient levels 
of zinc have also been associated with adverse health effects. Significant 
decreases in reproduction and growth have been reported in fathead minnows, 
guppies, and polychaetes after exposure lo zinc. 

Sources and Fate-Zinc is used most commonlyas a protective coating for 
other merals. In addition, it is used in alloys such as bronze and brass, for 
electrical us&, and in organic chemical extractions and reductions. Zinc chloride 
is a primary ingredient in smokc bombs. Salts of zinc are used as solubilizing 
a~ents in many drugs,(e.g., insulin). Zinc and copper alloys are used in coinage. 

Zinc is released to the air as dust and fumes from zinc production facilities, 
lead smelters, brass works, automobile emissions, fuel combustion, incineration, 
and soil erosion. Refuse incineration, coal combustion, srnellpr operations, and 
metallurgical induslries are major sources of zinc in air. Zinc releases to air 
account for only a small portion of the total environmental release. Erosion of 
soil particles containing zinc is h e  largest overall source of zinc to Ihe aquatic 
environment but the effect on water quality at any one location is likely minor 
(ATSDR 1989b). More concentrated sources of zinc to aquatic environments 
include urban runoff, mine drainage, and municipal and industrial effluents. 
Metal corrosion and tire abrasion also contribure to urban runoff. Industries that 
directly discharge zinc lo water include iron and steel, zinc smelling, plaslics, and 
electroplating. Municipal wastewaters are mqjor contributors of zinc in estuarine 
environments. 

Adsorption to Fimenls is the dominant fate of zinc in1 the aquatic environ- 
ment. Zinc partitions to sediments or suspended solids ln'surfacc waters through 
adsorption onlo hydrous iron and manganese oxida, clay minerals, and organic 
material. The tendency of zinc to be adsorbed is affected by Ihe nalure and 
concentration of the sorbent, and by Ule pH and salinity of the water. Zinc tends 
to sorb more readily at higher pH levels and desorplion of zinc from sediments 
occurs as saliiity increases, Zinc does no1 volatilize significantly from water. 
Although bioaccu~nulated by all organisms, zinc probably does not biomagnlfy in 
the food chain (Callahan el al. 1979; Cfinn and Banick 1988). 

61 
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ORGANOTINS 

Use of organotins (including rnelhyltins, butyltins, and cthyltins) as the active 
biocide in antifouling paints for ships and marine structures has increased 
dramatically over the past two decades. Organotins, especially tributyltin (TBT), 
have bcen targeted for environmental concern. In 1988, Congress passed the 
Organotin Antifouling Paint Control Act to restrict thc use of organotins. 
Analysis of organotins is made more difficult because they behave as both metals 
and organic compounds, and their aquatic chemistry is not completely understood. 

Exposure Routes and Riska-The primary risk of exposure to organotins 
is from leaching of paint into ambient water, where the organotins are adsorbed 
to suspended or benthic sediments. Organotins are bioaccumulated by aquatic 
organisms exposed to contaminated sedimcnts, but no action levels or other 
maximum acceptable concentration in tissue has been established. 

Organotins are very toxic to marine organisms and TBT is the most toxic of 
the organotins. TBT is acutely toxic, by design, lo aquatic life at concentrations 
exceeding 0.5 pglL, with acute lethal concentrations reported for embryo, larval, 
and post-larval clams, mussels, and oysters at concentrations of approximately 
0.6-4.0 pg/L (Center for Lake Superior Environmental Studies 1988). TBT 
bioconcentration factors for mussels and oysters have been rcponed in the range 
of 6,800 to 11,400 (Center for Lake Superior Environmend Studies 1988). 

Sources and Fate-Because of their use in antifouling paints, primary 
sources of organotins are marinas, small boat harbors, vessel repair facilities, and 
berthing areas. Organotins have been used as agricultural fungicides to control 
plant diseases, as insecticides, and as biocides in pulp mills, breweries, textile 
mills, and leather-processing facilities. Organotins arc dso used to stabilize 
polyvinyl chloride. 

The fate of organotins, like other toxic organic compounds, is determined by 
physical, chemical, and biological processes. Photolysis and biological degrada- 
tion act to modlo TBT in water. The adsorption of TBT to suspended particulate 
materfal and sediments results in TBT concentrations that are approxim~tely 3 
orders of magnitude higher than those found In water. 

Among parhways available for degrading TBT in water, aerobic metabolism 
appears the most important, Many groups of plants and animals appear capable 
of readily degrading TBT. Rapid half-lives of 4-14 days have been repned in 
algae. TBT appears lo bc dc~raded by progressive dcbutylalion to dibulyltin, 
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monobutyldn, and inorganic tin (Center for Lake Superior Environmental Studies 
1988). The intermediate products appear to be lass toxic than TBT. 

m e  metabolism of TBT in aquatic life and humans appears only slightly 
slower than microbial metabolism. TBT is bioconcentrated by fish and inverte- 
brates to approximately 3,000 times the ambient water concentration. The 
contribution of dieta~~accumulation to the told body burden is much less than 
that from bioconcenuation. Biomagnification is unlikcly because TBT is 
eliminated (i.e., depurated) at all trophic levels, including fish and humans. 
However, definitive tests are necessary to resolve many remaining questions of 
the environmental effects and fate of organorins. 

NONIONIC ORGANIC COMPOUNDS - AROMATIC HYDROCARBONS 

In this section, characteristics of plycyclic aromatic hydrocarbon (PAW 
compounds and related aromatic hydrocarbon compounds are sum~narized. 
Characteristics of additional nonionic organic compounds (compounds that do not 
dissociate in water) ate summarized in subsequent sections. 

PolycyclIc Arornatlc Hydrocarbon Compounda 

PAH compounds are a group of chemicals formed most commonly during 
incomplete combustion of organic materials (e.g., coal, oil and gas, garbage, and 
wood). HPAH compounds (compounds having 2 4  aromatic rings) are present 
in high concentration in these combustion products. LPAH compounds (3 or 
fewer aromaric rings) tend to be found in high concentration in uncombusted 
fossil fuels. PAH compounds are ubiquitous in \he environment and natural 
sour? of these compounds include forest fires and volcanoes, as well as oil 
soeps and erosion of coal beds. In Puget Sound, major sources of PAN com- 
pounds to Puget Sound include industrial and municipal discharges, mining and 
erosion of coal beds, and at least historically, forest Ares (Barrick 1982; Barrick 
et al. 1984; Bates et al. 1984; Yake er al. 1984; Barrick and Prahl 1987). 

There are no uses for most individual PAH compounds except as research 
chemicals. Howevor, PAN compounds occur in several i m p o u t  mixtures, 
including creosote, which is comprised of greater than 85 percent PAH com- 
pounds. Because they have many of the same sources, individual PAR com- 
pounds are not disllnguished in this discussion. Information for individual PAH 
compounds is includefl in Appendix A, primarily because of differing degrees of 
toxicity and persistence. LPAH compounds include accnaphthene, acenaph- 
thylene, anlhracenc, fluorene, and phcnanthrenc. HPAH compounds include 
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fluomnthene, pyrenc, benz(a)anthracenc, benzo(b)fluoranthene, benzo(k)fluor- 
anlhene, benzo(g,h,i)pyrene, benzo(a)pyrene, chryscne, dibenz(a,h)anthmccnc, 
and indcno(l,2,3-cd)~rene. 

Exposure Routes and Risks-Because PAH compounds are found 
throughout Ule environment, humans may be exposed to PAH compounds by 
inhalation, ingestion, and dermal cantact. Inhalation is by far the most common 
exposure route. 

Although PAH compounds may have similar toxicological effects and 
environmental fates, Ihe health effects of individual PAH compounds are not 
identical. Reliable health-based studies exist only for a few compounds; potential 
health effects of the remaining compounds must be inferred from available 
information. PAX compounds enter the body easily, and Ihe rate of absorption 
is increased when the PAH compounds are present in oily mixtures. Animal 
studies indicate that most PAH compounds are metabolized within a few days. 
Several PAH compounds [i.e., benz(a)anthracene, benm(a)pyrene, benzo(b)fluor- 
anthene, benzo(k)fluomnthene, chrysene, dibenz(a,h)anthracene, and indcno- 
(1,2,3-cd)pyrenc] have been identified as animal carcinogens. 

Although there is no available information regarding cancer in humans 
following inhalation exposure to individual PAH compounds, epidemiologic 

. studies show increased mortality from lung cancer in humans exposed to coke- 
oven emissions, roofing-tar emissions, and cigarette smoke. Because each of 
these sources contains various mixtures of individual PAH compounds as well as 
other potentially carcinogenic chemicals, the contribution of any individual PAH 
to the total carcinogenicity of these mixtures in humans has not been evaluated. 
Despite these limitations, the studies provide qualitative evidence of the potential 
for mixtures containing PAH compounds to cause cancer in humans. Adverse 
immunological, reproductive, and genetic effecls have been shown in studies on 
mice. No information is available regarding similar effects on humans. 

Source8 and Fate -The primary source of PAH compounds in the air is 
the burning of wood and fuel for residential heating. Other common sources ace 
vehicle exhaust, asphalt roads, coal lar and cod tar production, agricultural 
burning, hazardous waste sitas, tobacco smoke, creosote-treated wood, coking 
plants, coal gasifl cation, smokehousas, aluminum produclion, and municipal waste 
incinerators. PAH compounds are also found in most foods (e.g., cereals, grains, 
vegetables, fruits, and meals). Most of Ihe PAW compounds In surface waters 
and sails are believed to result from armospherfc deposition. For any given body 
of water, the major source of PAH compounds could vary depending on the pmx- 
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imity of other sources such as municipal wastewater treatment plants and wood 
treatment facilities. Most nonreference area sediments in Puget Sound have 
significantly elevated PAH levels compared with reference areas (Table IV). 
Sources of PAH compounds in the mafinc environment include wood treatment 
facilities, docks and pilings, coal incineration and handling facilities, pulp mills, 
organic chemical plants (e.g., manufacture of dyes, plastics, and pesticides), and 
urban runoff from automobile emissions. The composition of PAH emissions to 
the atmosphere varies with lhe combustion source [e.g., emissions from residen- 
Lial wood combustion contain more acenaphthylene than other PAH compounds, 
while auto emissions contain more benzo(g,h,i)perylene and pyrene). 

In surface waters, PAH compounds may volatilize, photooxidize, biodegrade, 
adsorb to sediments, or bioaccumulatc in aquatic organisms (with biuconcenmtion 
factors ranging from 100 to 2,000). In sediments, PAH compounds can biode- 
grade or bioaccumulate in aquatic organisms. In soils, PAH compounds can bio- 

% degrade or biomccumulate in plants, and they may also enter groundwater and be 
transported within an aquifer. 

PAH compounds attach to dust and other airborne particles and are capable 
of being transported long distances, hence their detection in relatively uncontaml- 
nated areas. PAH compounds photonxidin? and react in Ihe atmosphere with 
other pollutants. Atmospheric half-lives are generally less than 30 days. 

The PAH compounds are classified in the pollutant lables according to low 
or high mololeculat weight, PAH compounds within each weight classification 
generally share similar environmental fates, %sport and partitioning character- 
islics are rlso roughly correlated to molecular weights of PAH compounds, in 
large part because the solubility of PAH compounds lends to decrease with 
increasing molecular weight. HPAH compounds have stronger adsorption 
tendencies and less significant volatilization, and some HPAH compounds are 
carcinogens. LPAW compounds show moderate adsorption tendencies, more 
significant volalilization, and greater microbial degradation. No LPAH are 
established carcinogens. 

Methylnaphthalenee and Methylphenanthrenes 

i 
Methylnaphthalenes are alkylated forms of naphmalene and are generally 

found with other PAH compounds. Merhylphenanthrcnes are, analogous forms of 
phenanthrenes. Both of Ulese methylated groups of compounds are oitt?n detected 
in Puget Sound sediments (Tern Tech 1985b; Barrick and Prahl 1987; CH2M 
Hill 1989) and originate primarily as fossil fucl products including oil and coal 

f 
i 

(Banick 1982; Barrick et al, 1984). Because of their sirnilartties In chemical 
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structure and spatial distribution, they have similar or identical sources, effects, 
and fates as those described in the section on PAH compounds. 

NONlONlC ORGANIC COMPOUNDS - CHLORINATED AROMATIC 
HYDROCARBONS 

In the next wtions, characteristics are described for the most common 
chlorinated benzenes, polychlorinated dibenzofurans and dibenzodioxins, and 
PCBs, which are all different types of chlorinated aromatic hydrocarbons. 

DIchlorobenzenee 

Dichlorobenzenes arc anthropogenically produced chemicals that are not 
known to occur naturally. They exist primarily in the vapor state and are 
ubiquitous in the environment. In general, lhey have low water solubiliiies and 
low flammabilities and are chemically unreactive. 

Exposure Routes and Rlsks-The general population is exposed to 
dichlorobenzenes through Ihe consumption of contaminated drinking water and 
food (parlicultuly fish; although dichlorobenzenes bioaccumulate to only low ppb 
levels in fish) and through inhalation of contaminated air. Data suggest that 
inhalation may be a greater source of exposure than other routes with respect to 
occupational exposure, and is a much more significant source of exposure than 
the dermal route. 

Aner absorption by Ihe body, dichlorobenzenes are rapidly distributed to fat, 
liver, lung, heart, b a n ,  and muscle tissue. These cherniads are eliminated from 
the body within 5-6 days. Epidemiological studies are insufficient to characterize 
human effects of exposure to dichloroben~nes. Studies of acute and chronic 
toxicity of dichlorobenzene isomers indicate [hat the compounds have similar 
w e t  organs and effocts. There is no evidence that dichlorobenzenes are 
cardnogens. 

Souroe8 and Fate-Dichlorobenzenes are used in a number of organic 
chemical synlheses and in solvents, eleclrical equipment Insulators, pesllcides, 
herbicides, and fungicides. Chemlcal waste dump leachales and direct manufac- 
turing effluents are the maor sources of dichlorobenzenes. 
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Sorption, bioaccumulation, and volatilization are expected to be competing 
fate processes of dichlorobenmnes due lo their lipophilic nature, relatively low 
vapor pressure, and low watcr solubility relative to polar organic compounds. 
However, dichlorobenzenes are relatively soluble compared with other nonpolar 
organic compounds, such as HPAH (Howard 1989). The rate at which each of 
;!we competing processes occur will determine Lhe predominant fate, especially 
in water. Adsorption to sediments is likely due lo the low water solubility. 
Dichlorobenrenes may be released directly to the atmosphere and soil in connec- 
tion with their use as fumigants. Their detection in groundwater near hazardous 
waste disposal areas indicates that leaching occurs. Experimental bioconcenua- 
tion factor values suggest that significant bioconcentration does not occur, 
although high bioconcentration factors were reported in a study of guppies. The 
data suggest that bioaccumulation occurs in both animals and humans and that 
dichlorobenzenes are biologically persistent. Volatilization from soil surfaces 
may be an important Pate process. Dichlorobenzenes may be slowly biodegraded 
in soil under aerobic conditions. Chemical transformation by hydrolysis, 
oxidation, or direct photolysis is not an importar. fate process. 

Hexachlorobenzene 

Hexachlorobenzene (HCB) is a solid white crystalline compound, formed as 
a by-product during the manufacture of chemicals used as solvents, other 
chlorine-containing compounds, and peslicides. HCB is the most persistent of the 
chlorinated benzenes in the environment. It has a half-lib ranging from 3 to 6 
years in soil and approximately 30 days in water in one test (ATSDR 1990a; 
'kbak et al. 1981). HCB is not very water soluble and sorbs strongly to sedi- 
ments. There are no current commercial usas of HCB in he  United Slates. HCB 
was used as a pesticide until 1985, when the last registration of HCB as a 
pesticide was voluntarily canwled. 

Exposure Routes and Rlsks-Proximity to industrial sources or hazardous 
waste sites provides primary exposure routes for HCB. HCB may be transported 
to l e  air by dust particles, Dermal contact is a major source of exposure, HCB 
exposure may also occur by ingestion of certain foods (e.g., dairy products, meat, 
and poultry). More kICB is absorbed if it is consumed in combination with fat 
or oil. 

HCB is rapidly (ransported lo lissues in the body after exposure and tends to 
accumulate In f i t  tissue. Most HCB leaves the body, but small amounts may 
remain for years, especially in the fat tissue, Specific effsts of HCB exposure 
via inhalation and dermal contact are not yet known. However, skin disorders 
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have been reported in humans following digestion of HCB. There is also 
evidence that HCB is ioxic to nursing mammals exposed through maternal milk. 
There is sufficient evidence that HCB is a liver and thyroid carcinogen in tcst 
animals and that HCB is considered a probable humm carcinogen. 

Sources and Fate-There are currently no documented producers of HCB 
in the United States, and importation of h i s  compound has also ceased. 
However, HCB may still enter the environment as a by-product of the manufac- 
ture of chlorinated solvents, other chlorinated compounds, and several pesticides. 
In addition, an estimated 3,500-11,500 kg of HCB was inadvertently produced 
during the manufscture of chlorinated solvents in 1984 (Carpenter et al. 1986). 
HCB can also be produced during combustion processes such as the incineration 
of municipal wastes. Total releases from this source are estimated to range from 
57 to 454 kg per year (Carpenter et al. 1986). HCB was also used in the produc- 
tion of pyrotechnic materials (e.g., smoke bombs), aluminum, graphite electrodes, 
and dyes and as a component in wood preservatives. Direct discharges from 
manufacturing facilities are the primary sources of HCB in water and sediments; 
effluents from sewage treatment plants present a significant, but lesser, contribu- 
tion. 

HCB is one of the most persistent pollulants. It bioaccumulates in the 
environment, in animals, and in humans. Low levels of HCB have been found 
in almost all humans tested, most likely as a result of ingestion of HCB in foods. 
Environmental HCB is generally found lightly bound to soil and sediments. 
However, because of h e  low water solubility of HCB, it is not usually found in 
water (HCB was found in less than 1 percent of the groundwater samples taken 
from more Lhan 862 hazardous waste sites) (Carpenter et al. 1986). Because 
HCB is not generally found in the atmosphere, pholodegradation may be the 
process hat  limits atmospheric levels of HCB. Biodegradation appears to be slow 
in oxygenated waters. Leaching of HCB from soils is not significant, although 
biodegradation removes HCB from soils over a period of years. Isensee et al. 
(1976) did not repon any degradation in soils afler 1 yr of incubation under either 
aerobic or anaerobic condittons; however, Fathopure et al. (1988) have more 
recently reported anaerobic microbial dechlorination of such highly chlorinated 
aromatic compounds. 

I 
1 

Polychlorinated Dlbenzofurana 

Polychlorinated dibenzofurans (PCDFs) are members of a group of wide- 
spread and environmentally stable halogenated tricyclic aromatic hydrocarbons. 

i PCDPs are not intentionally produced, but rather enter the environment as trace 
I 
t 
! 
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impurities in PCBs and chlorinated phenols and as a result of combustion process- 
I 

es. PCDA are structurally similar lo PCBs and polychlorinated dibcnzo-p- 
dioxins (PCDDs), wilh similar signs and symptoms of toxicity. Public concern 
over PCDFs is related largely to their prevalence in the environment and to (heir 
similarities to PCDDs, rather than to reported health effects. 

Exposure Routes and Rlsks-PCDFs have been detected in fly ash and in 
flue gas from municipal and indusuial incinerators. Residues of PCDFs have 
been found in human breast milk. The most toxic PCDF congeners y e  2,3,7,8- 
tetmchlorodibenzofuran, 1,2,3,7,8-pentachlorodibenmfuran, and 2,3,4,7,8- 
pcntachlorodibenmfuran. PCDFs are severely toxic to 'animals and humans in 
acute concentrations, resulting in relarded 8rowlh, birth defects, liver damage, 
and skin lesions. Data on long-term exposure to PCDFs are  not available. 
PCDFs are not known carcinogens. 

Sources and Fate-PCDFs enter the environment as contaminants in a 
number of chemical products, including herbicides, polychlorinated phenols, 
HCB, PCBs, and thermal insulation materials. PCDFs are also formed from he  
combustion of chlorinated material and can be found in incinerator fly ash. 
PCDFs may be found at wood treatment facyities, at sites of transformer fires, 
neat incinerators, and at other facilities where these products are used or burned. 

PCDFs are very persistent in sediments and have been found to bioaccu- 
mulate in sea!, fish, turtle, and human fat tissue. PCDFs are generally quite 
soluble in organic solvents, but water solubility decreases with chlorination. 

Polychlorinated Dlbenxo-p-dlwlns 

PCDDs [including 2,3,7,8-teuachlorodibenmpdioain (2,3,7,8-TCDD)] 
belong to a class of compounds commonly referred to as chlorinated dioxins. 
According to the position and number of chlorine atoms, it is possible to form 75 
different congeners of chlorinated dioxins. Dioxins are fairly slable in the 
presence of heat, acids, and alkalies. Of the dioxins, 2,3,7,8-TCDD is regarded 
as the mcst toxic, and i t  is widely distributed in the environment. PCDDs ate not 
produced intentionally and have no known u w ,  They are produced as unwanted 

I 

I by-products of the manuftrcture of chlorophcnols and their derivatives, including 
chlorophenoxy herbicides, germicides, and wood prwmatives. The production 
and use of 2,4,5-trichlorophenoxyacetlc acid and 2,4,5-l.ri'chloropheno1 as 

t defoliants has been a mdor source of PCDDs. Although this production was 



discontinued in the United Slates in 1979, present sources of exposure exist from 
remaining gores, improper disposal methods, and hazardous waste sites. 

. . 

Exposure . Routes .and Risks-Consumers may be exposed through 
ingestion of contaminated food (e.g., fish, cow's milk), inhalation of contaminat- 
ed dust or air, or dermal contact with contaminated. plants, wood, and paper 
products. Apart from cenain indusrrial effluents and lcachates from chemical 
dump sites,.no 2,3,7,8-TCDD has ever been reported in drinking water. 
Therefore, it is expected that exposure through consumption of drinking water is 
negligible. In mammals, 2,3,7,8-TCDD is readily absorbed through the gastroin- 
testinal wact. Although exposure from dermal contact and inhalation has also 
been reported, it has been predicted'that ingestion of contaminated food accounts 
for 98 percent of the daily human uprakc.of PCDDs (Syracuse Research Corpora- 
tion 1989). Occupational exposure occurs during the bleaching process in pulp 
and paper mills, at certain hazardous waste sites, at municipal and industrial 
incinerators, and at chlorophenol production facilities. Accidental releases may 
occur through transformer Bra. 

Some PCDDs (including 2,3,7,8-TCDD) are among the most toxic com- 
pounds known. PCDDs have b e y  proven toxic to unborn animals, and they 
reduce fertility in some species. Although 2,3,7,8-TCDD is highly toxic to all 
species that have been tested, there are large differences in sensitivity among 
species. Health effects similar to those caused by exposure to 2,3,7,8-TCDD are 
expected for other PCDDs, although higher doses are required. The symptoms 
of foxicity in humans after exposure 10 2,3,7,8-TCDD include altered liver 
function and fat metabolism, pathologic changes in the blood, and skin lesions. 
Some of these symptoms may be attributed to other chemicals of which PCDDs 
are minor contaminants, Based on animal studies, EPA (1990~) has determined 
that 2,3,7,8-TCDD is a probable human, carcinogen. 

Souroes and Fate-The primary sources of PCDD contaminalion are 
associated with the indusvial manufacture of chlorophenols and their derivatives 
and with the subsequent disposd of wastes from these industries. Municipal 
incineration facilities may also emit PCDDs. The data do not indicate the relative 
importance of Ulesc sources in contributing to environmental emissions, Current 

i data indlcate that h e  maximum levels of PCDDs are likely to be found in soil and 
c drainage sediment samples near chlorophenol manufiacturing fhcilitlea and chemi- 

cal waste disposal sites. There are few sludies of atmospheric PCDD levels. In 
i the United States, the highest PCDD levels have been reported at hazardous wasre 
[ sites and in fish and wildlife tissue from areas contaminated with 2,3,7,8-TCDD 
1 (Syracuse Research Corporation 1989). 
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PCDDs are persistent contaminants that are not likely lo undergo chemical 
or biological transformation in air, water, or soil. The role of photochemical 
Lransformation in determining Ihe fate of these chemicals in various ambient 
media is unknown, but PCDDs are susceplible to photochemicai ,reactions in the 
presence of organic acids. In water, a substantial proponion of PCDDs may be 
present sorbed to sediments or in biota. Allhough very persistent, 2,3!7,8-TCDD 
may be removed from water through volatiliration and photolysis. In air, PCDDs 
are expecfed to be present as a vapor and sorbed to panicles. PCDDs in soils are 
most likely transported to the atmosphere by contaminated dust particles and 
direct volatilization from thc surface and transported to surface water by erosion. 
PCDDs are resistant to photochemical degradation and biodegradation in soil. 
Several bioconcenuation factors have been reported for 2,3,7,8-TCDD, but none 
can be considered definitive values. Experimental bioconcentralion factors for 
aquatic organisms range from 2,000 to 39,000 (U.S. EPA 1985~; Syracuse 

L Research Corporation 1989). with EPA's best estimate established at 5,000 (U.S. 
EPA 1985~). 

Polychlorlneted Biphenyls . 
PCBs are environmentally persistent compounds bat have? strong tendency 

i to accumulate in aquatic sediments and in tissues of aquatic organisms. There are 
209 PCB congeners (Mullin et al. 1984). Various mixtures of these compounds 

t were marketed in the past and can sometimes be identlfied'in the environment. 
r- However, the compounds do not all degrade at the same rate, confounding 
I, attempts to identify original sources of contamination. , , 

t Exposure Routes and Rlsks-PCBs enter tho body lhough ingestion of 
contaminated food, inhalation of contaminated air, and dermal conlact. The most 
common route of exposure is  through the consumption of fish and shellfish from 
PCB-contaminated water. Exposure from consumption of contaminated drinking 
water is minimal. 

Although [he effects of PCBs have been diminishing since manufacturing of 
the chemicals ceased in 1977, it is expected that there are continued health effects 
in connection with cerlain occupations. Studies performed on humans show that 
irritations such as acnelike Lesions and rashes can occur in PCB-exposed workers. 
PCBs are also classifled by U.S. EPA (1990~) as probable human carcinogens. 
The sublethal toxic effects of PCBs are well documented for phytoplankton, 
mammals, and birds (Casarca and Doull 1986). 
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Sources and ~a'tes-PCBS have b m  used primarily as coolants and lubri- 
cants in transformers, capacitors, and other electrical equipment. Sources of 
PCBs include transformer leaks or spills, old hydraulic fluids, lubricants, 
pesticides, and surface coatings. However, manufacturing of PCBs was banned 
in the United States in 1977 because of human health hazards resulting from high 
PCB levels in fish and shellfish, environmental persistence, and bioaccumulation 
levels. Importation of PCBs was banned by the federal Toxic Substances Control 
Act in 1979. Although there are no new industrial (point) sources of PCBs, many 
of the transformers and capacitors that contain PCBs are still in service. These 
products present ongoing risks of exposure through illegal or inadequate disposal 
methods and accidental release (e.g., transformer explosions and fires). PCBs 
have been found in high concentrations in small areas of urban bays in Puget 
Sound (Malins et al. 1982; Tetra Tech 1985b; Chan et al. 1985a,b; Stinson et al. 
1987; Beller et al. 1988). However, PCBs are widely disiributed and occur in 
most sediment and tissue samples taken from the sound. 

PCBs are relatively insoluble in water compared with many other organic 
compounds and are highly soluble in solvents. PCBs also resist hydrolysis and 
oxidation. These factors make them highly persistent in the environment and 
susceptible to bioconcentration. However, contaminants similar to PCDFs may 
account for some of the harmful effects attributed to PCBs. There is ample 
evidence that PCBs bioaccumulate in the food chain; the degree of bioaccumula- 
lion may depend on fat content, the octanol-water partitioning coefficients, and 
the structure of PCBs, rather than on the quantity of PCBs ingested. Additional 
factors are the size and age of the aquatic organism and water temperature. The 
degree of chlorination affects metabolism, bioconcentration, degradation, adsorp- 
tion, and volatilization of PCBs. Generally, metabolization, degradation, and 
volatilization decrease with chlorination, while bioconcenmtion and adsorption 
increase.' Sorption to sediments is an important fate process for PCBs that 
depends on salinity, sediment organic content, and sediment size, If anaerobic 
degradation of PCBs in sediments occurs, it is a very slow process. 

NONlONlCORQANlCCOMPOUNDS - MISCELLANEOUSEXTRACTABLE 
COMPOUNDS 

In the next sect~ons, the characteristics are described for several nonionic 
organic compounds that do not fit within the classes of compounds discussed in 
previous sections. These compounds include N-nitrosodiphenylamlne, MEK, 
bis(2-elhylhexyl)phthalate, hexachlorobutadiene, and dibenzofilran. 
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metabolism of nitrates and amines. There is little published information on this 
chemical, and relatively little is known of its aquatic fate ahd environmental and 

in animals, N-nitrosodiphenyl~inc has only a suspected human carcinogen. 
- 

! 
Sources and Fate -N-Nitrosodiphenylamine is used in the vulcanization of 

t present in vehicle exhaist. 

1 Sources and Fate-MEK is discharged into water as wastewater effluent 

C It is iormed by the natud photooxidation of h y d r d o n s  emitted from automo- 1 
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biles and other industrial sources. MEK may be a natural component of certain 
foods. MEK is removed from water generally by evaporation or slow biodegra- 
dation. It will not hydrolyze under normal conditions. Although it will not 
indirectly photooxidize in surface waters, i t  may be subject to direct photolysis, 
It does not significantly adwrb to sediments or bioconcentrate in aquatic organ- 
isms. MEK will partially evaporate from near-surface soils and leach into 
groundwater; it is subject to slow biodegradation in both soil and groundwater. 
MEK exists primarily in Ule gas phase in h e  atmosphere and will photodegrade 
at a moderate rate or will be removed by rain. 

Bis(2-ethyllhexylphthelate 

Bis(2-ethyl)hexylphthalate is a colorless liquid that is insoluble in water, 
miscible with mineral oil, and soluble in most organic solvents. It is used in 
large quantities as a plasticizer for polyvinyl chloride and other polymers. 
Because of its use as a plasticizer, it is a common laboratory contaminant, 
Bis(2-ethy1)haylphthalate is also used as a replacement for PCBs in dielectric 
fluids for electrical capacitors. It may also be naturally produced by plants and 
animals. 

Exposure Rautea and Rlaks-Exposure to bis(2-ethyl)hexylphthal8te 
occurs from inhalation of contaminated air, consumption of contaminated food 
(especially fish, milk, and cheese) and water, and dermal contact with products 
containing bis(2-e1hyl)hmylphthalate. Although occupational exposure during the 
production of plastics is the source of Ule greatest concentrations of bis(2- 
ethyl)hexylphthalate, the most widespread exposure results from its use in plastic 
products. 

Although there are no data available to evaluate h e  carcinogenicity of bis(2- 
ethy1)hexylphthalate in humans, it has reportedly caused cancer in tcst animals 
(Casarett imd Doull1986) and has been classified as a probable human carcinogen 
based on these rcsults (U.S, BPA 1990c). However, other authors (Technical 
Resources, lnc. 1989) have concluded that there is incclncluslve evidence of 
carcinogenicity in animals. There have also been limited reports in the early 
1970s of chronic reproductive effects in aquatic organisms oxposed to low 
concentrations of bis(2-ethy1)hexylphthalate (Casarett and Doull 1986). 

Sources and Fate-Bis(2-ethy1)hexylphthalate is widely distributed in the 
environment as a result of its use as a plasticizer. Disposal of plaslic products 
in landfills, as well as incinoradon, rcleases bis(2-ethy1)hcxylphthdate into the 1 
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environment. Other sources arc h c  treated wastcwater from coal mining opera- 
tions, aluminum forming, foundries. and water-based ink and dye manufacturing 
facilities. In 1980, three firms were reported to bo producing bis(2- 
ethy1)hexylphthalate in the United Srates (USFTC 1981). 

Bis(2-ethy1)hexylphthalate biodegrades in water and has been shown to 
bioconcentrate in aquatic organisms. *Bis(2-ethy1)hexylphthalate strongly sorbs to 
sediment due to its low water solubility and is relatively persistent in the 
environment. Evaporation and hydrolysis are not impomt fate processes for 
aquatic bis(2-ethy1)hexylphthate. Atmospheric bis(2-ethyl)hexylphrhate will 
bc carried long distances and may bc returned to soil by wet deposition. Bis(2- 
ethy1)hexylphthalate in soil neither evaporates nor leaches into groundwater. It 
may biodegrade under aerobic conditions. It is unknown whether photolysis or 
photooxidadon are important atmospheric processes. 

Hexachlorobutedlene 

Hexachlorobutadiene (HCBD) is used in me chcmical industry as a solvent 
for natural and synthetic rubber and other polymers, as well ,as in heat uansfcr 
liquid, transformer liquid, and hydraulic fluid. HCBD is a by-product of the 
manufacture of letrachloroethene, trichlorocthene, and tetrachloromethanc. 

I 
Exposure Routes and Rllib-The primary route A d  highest level of 

exposure to HCBD is associated with the inhalation of workplace air, although 
Ihc general public can be exposed lhroilgh the ingestion of contaminated drinking 
water. Allhaugh studies ex is^ for freshwater organisms, (no data are available 
concerning the chronic toxicity of HCBD or any other chlorinated butadienes to 
saltwater aquatic life. Acute toxicity may occur as low as 32 lpg/L (EPA 1984~). 
There are also ve y few data available reponing ~ h c  effects of HCBI, on humans. 

h 

i Sources and ,Fate--HCBD has been found in drinking water sugplies, in 
t aquatic organisms, and in aquatic sediments. It has been fourld in the effluent of 
i chemical producers and in wastewater discharges. HCBD has been detected at 

I elevated concenmtions in sediments from the Hylehqs Waterway in Commence- 
ment Bay (Telra Tech 1985b), and was also founa In elevated concentrationu in 
some fish tissue samples from Ihe same area. Historical discharges from 
chemical man~fachring planls along the waterway are probable sources of this 
contaminant. 
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HCBD is cxpccled to evaporate rapidly from soils and may biodegrade under 1 

aerobic conditions. No leaching from soil is expected because of strong sorption 
tendencies, although leaching is more likely in sandy soils. HCBD will volatilize 
rapidly from water and has a half-life from months to years in the atmosphere. 
In water, sorption to sediments and suspended sediments is also likely due to Be 
hieh loe L... value of HCBD (3.74 to 4.28) (Callahan et al. 1979: Veith el al 

Dibenzofuran 

Little informarion has been published about the sources, effects and fate of 
dibenzofuran. Dibenzofuran has been documented at wood treatment facilities in 
Puget Sound ( M c k  et al. 1986; CHZM Hill 1989) and has been detected at 
elevated concentrations in many contaminated sediments and fish tissues (Tetra 
Tech 198%; Beller et al. 1988; Pastorok ct al. 1988). It is present in the fly ash 
from municipal incinerators and is a component of insecticides. No information 
was found regarding the toxic effects of exposure to dibenzofuran on aquatic 
organisms. The environmental distribution of dibenzofuran in Puget Sound is 
correlated with that of LPAH comwunds, indicating that dibenzofuran and 
aromatic hydrocarbons have similar 'sou& in the &nd (Tetra Tech 198Sb; 
M c k  et d., 1988). 

NONlONlC ORGANIC COMPOUNDS - PESTICIDES 1 
In this section, h e  characteristics of lhree major groups of chlorinated 

pesticides are summarized: aldrin and dieldrin; DDT and its mdor breakdown 
products, DDD and DDE; and hexachlorucyclohexane WCH), which is also 
known as iindane. These and numerous other pesticides of potential concern in 
Puget Sound are described in detail in PSEP (1988). Three of these pesdcides 
of potential concern (diazinon, diuron, and endosulfan I) have recently been 
recommended for routine monitoring in Puget Sound (PSEP L991) but were 
identifled after tables for this report had been completed (a: additional discussion 
in the Selection of the Pol lu~ms of Concern section of Chapter 1). 

Aldrln and Dleldrln 

Aldrin and dieldrin are two closely-related chemicals that are used primarily 
. . as insecticides. Because of their chemical and toxicological similarities, they are 

considered together by regulatory bodies. Aldrin has been used as a soil 
insecticide to control root worms, boctles, and termites. Dieldrin has been used 
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for the Lreatmenl of wood, soil, and seeds; to control mosquitoes and tsetse flies; 
as a sheep dip; and for mothproofing. All uses of aldrin and dieldrin on food 
crops were banned in 1975. 

Exposure Routes and Rlske-In the past, the most common exposure route 
lor humans was ingestion of plants grown in treated soil and animal products 
wposed to the chemicals. The risk of exposure from these routes has been 
reduced since agricultural uses of aldrin and dieldrin were banned. The most 
likely current source of exposure for humans is lhrough inhalation of indoor air 
in wood structures treated with excessive amounts of alddn or dieldrin. Some 

. . risk of exposure may remain through new applications of individually owned 
stockpiles of the chemicals or as a result of improper or illegal disposal mcthods. 

Although ddrin and dieldrin are clearly toxic to humans, the severity of 
health effects depends on [he concentration and length of exposure. Brief 
exposure to high levels of the chemicals may cause headaches, dizziness, nausea, 
convulsions, and death (at extremely high doses). Although human studies of the 
carcinogenicity of aldrin and dieldrin are largely inconclusive, EPA has classified 
these two chemicals as probable human carcinogens based on the results of animal 
tesls (EPA 1990~). 

Source8 and Fate-Although the chemicals were banned in 1975 for 
general agricultural use, lhey were available after 1975 lo control term: s and for 
molhprmffng. However, even these uses havc been prohibited or voluntarily 
discontinued. There should be no new sources of h e  chemicals, although 
emissions may result from treated w e  and from new applications of old stocks. 
Most of Ute aldrin and dieldrin levels recorded for Puget Sound air, water, and 
soil were reporled prior to 1976 and may be overeslimated (Tetra Tech 198Sb). 

I 

Aldrin is readily converted to dieldrin in all media. Dieldrin is fdrly 
persistent and is resistant to biodegradation. Dieldrin readily bioaccumulates and 
biomagnifies through h e  food chain. Rapid volatilization is the principal removal 
mechanism of aldrin from soil and water. Dieldrin sorbs lightly to soil and 
sediment and volatilizes more slowly. Although surfaca runoff of dieldrin is a 
mqjor pathway of loss from treated soil, leaching from soil to groundwater 
appears minimal. 
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DOT, DDE, end DDD 

DDT is primarily composed of three compounds that are white, crystalline, 
tasteless, and almost odorlcss solids. DDT does not occur naturally. It has been 
one of the most widely used insecticides. DDE and DDD arc breakdown 
products of DDT and also occur as contaminants of technical gradc DDT. DDT 
was banned from general agricultural use in the United States in 1972, but it is 
still produced and exported for use in other areas of the world. 

Exposure Routes and Risks-DDT, DDE, and DDD enter the body 
primarily by ingestion, although exposure is possible through inhalation. Dermal 
exposure is not significant because the compounds are absorbed very poorly 
through the skin. Under terrain condi~ions, DDT, DDE, and DDD may remain 
in soil for long periods of time and be transferred to crops grown in the soil; 
imported foods are a continuing source of exposure. In 1981, ingestion of DM' 
and DDE in food was estimated at 2.24 pg per day (Gartrell et al. 1986). Other 
primary sources of exposure may be through occupational involvement at 
hazardous waste sites. 

DDT, DDD, and DDE are stored most readily in fat tissues and arc 
eliminated very slowly. Breast-fed children are a group at special risk because 
DM' in maternal milk is found in higher concentrations than in cow's milk or 
other food. DDT has reportedly caused rashes and irritation of the eyes, nose, 
and throat. Acute exposure at high doses primarily affects the nervous system. 
In addition, synergistic and antagonistic effects of DDT have been shown in 

L animal tests. DDT administered to animals along with known carcinogens 
resulted in both greater and lesser tumor production than when the carcinogens 
were tested without DDT. Although no studies exist that indicate a definite link 
between DDT and Nmors in animals by lhe inhalation route, or with tumors in 
humans by either the inhalation or ingaslion route, U.S. EPA (1990~) has 
classified the compounds as probable human carcinogens. 

Source8 and Fate-Although there are significantly fewer sources of DDT, 
DDE, and DDD in the envlronrnent, b e  products were used so extensively in tho 
past that they n.rc sdll found in virtually all air, warer, and sail samples. Levels 
in most air and warer samples are low, and exposure by these palhways is not of 
great concern, New releases of the compounds in the United Slates are expected 
to be negligible. In 1985, there were two producers of DDT for export in (he 
United Slates (HSDB 1988). These facilities may have released small amounts 
of DDT via bgitive or noncontrolled emissions. Studies of peat lands located in 
h e  middle latitudes of the United States indicate that there are continuing sourcos 

78 
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of the compounds; the cause has k n  attributed to atmospheric transport from 
areas where DDT is still in use. Other studics have shown that levels of DDT 
and ils metabolites have been decreasing consistently in all media and in food 
samples. 

Almospheric DDT is subject lo photodegradation and wet and dry deposition. 
DM' preferenlially binds to soil and sediment, where it may be subject to 
photodegradation near the surface and biodegradation with depth. Under certain 
conditions, DDT may persist for long periods of time or may be convened to 
DDE, which persists even longer. DDT, DDE, and DDD are only slightly 
soluble in water; thcrofore, loss of these compounds in runoff is primarily due to 
transport of h e  particles to which they are bound. Volatilization of DDT and 
DDE accounts for substantial losses from soil and water. It is estimated chat 
DDT evaporates from water within 50 hours. Laboratory studies of ihe airlwater 
partition coefficient of DDE indicate that it volatilizes from mirinc water 10 to 
20 times faster than from fresh water (Atlas et al. 1982). DDT, DDE, and DDD 
are highly fat-soluble compounds with long half-lives, resulling in bioaccumu- 
lation and biom~gnification that increaso with advances up the food chain, 

A survey of nine localities conducted during times of high usage of DDT 
showed DDT detected in dl localities at levels ranging from 1 nglm3 of air 10 
2,520 ng/rn3 (Stanley ct aJ. 1971). Present levels are expected to be significantly 
lower. DDT and DDE have been reported in surface waters at levels of 0.001 
pg/L, while DDD generally has not been found. National soil monitodng 
programs conducted in the early 1970s have reponed average levels in soil 
ranging from 0.18 to 0.37 ppm (Crackat et al. 1974). 

y-Hexachlorocyclohexane 

. HCH isomers were developed in 1942 as simple and effective pesticides. Of 
its isomers, 7-HCH is the most effective and is marketed as lindane, y-HCH is 

! used primarily as a pesticidal treatment for wood, as a seed treatment, and as a 
fumigant. It has not beon produced commercidly In the United Slates since 1983; 

I however, it is stiU imported and distributed domestically. In Puget Sound, y- 
b HCH i s  used primarily in urban areas (PSEP 1988). Its use as an insecticide is 

declining because of its environmental persistence and tendency to bioaccumulate. 
I 

I 
Exposure Routes end Rlska --The primary routes of human exposure am 

ingestion, inhalation, and dermal contact. Occupational exposure was a signin- 
cant source prior to 1977, when EPA beg~n reljulating y-HCH. The primary risk 

. . 
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of exposure to the genela! population is through the consumption of .foods 
contaminated with pesticide residues. 

There is limited evidence of the carcinogenicity of y-HCH in test animals, 
although other isomers of HCH have been linked with cancer in test animals. 
Evidence regarding carcinogenicity of y-HCH in humans is inconclusive. Acute 
toxicity has been associated with y-HCH concentrations in the range of 3-28 pglL 
for marine shrimp and killifish (PSEP 1988). 

Sources and Fate-yHCH Zs present in agriculrural runoff from areas 
where pesticides were used that conrained y-HCH. Other sourccs are the 
effluents of industries using y-HCH, such as wood and seed treatment plants. 
7-HCH has been found infrequently in surface sediments in Everett Harbor 
(Paslorok et al. 1988). Of the pesticides and herbicides found in Puget Sound, 

1 

y-HCH is of secondary concern based on its restricted use and relatively low 
mobility (PSEP 1988). The use of y-HCW in the Puget Sound basin has been 
estimated to range from 0 to 1,300 poundslyear. Toral use in the Puget Sound 
basin is estimated to bc 2,640 poundstyear. 

y-HCH is environmentally persistent. The fate of y-HCH in aquatic systems j 

is determined by its bioavailability to transformation processes. Although 1 
sorption to suspended sediinent and biota is not extcnsive, sorption is probably 
an important process for transporting y-HCH to anaerobic sediments where -1 

transformations occur. Hydrolysis, oxidation, and photolysis are not important 
processes in aquatic environments. However, bioaccumulation occurs in aquatic i 

organisms. 
3 
4 
i 

VOLATILE NONlONlC ORQANIC COMPOUNDS 

In this section, lhe characteristics of the followin8 volatile organic com- 4 

pounds are described: benzene, chloroform, ethylbenzene, toluene, Iri- and .? 
4 

tetrachloroethene, and total xylenes. j 
4 
i 

Benzene 

' Benzene is a natural product of volcanoes, forest fires, and crude oil seeps i 1 
and is present in many plants and animals. Benzene is also a major industrial d 
chemical manuhctured from coal and tar. Benzene is used to make other 1 



and adhesives, household cleaning products, paint strippers, some art produ;ts, 
and tobacco smokc. As a pure chemical. benzene is a clear and colorless liquid. 
Benzene has been found at 337 of the 1,177 NPL hazardous waste sites (ATSDR 
1989~). 

Exposure Routes, and Rltlks-Occupational exposure accounts for the 
highest levels of benzenp found in humans, particularly in rubber manufacturing 
facilities, oil refineries, and chemical plants and at gasoline retail slations. 

inhalation of tobacco smoke and vcl&le exhaust. Small amounts of benzene may 
also be found in some foods and in conlaminated drinking water.1 Dermal expo- 
sure is possible lhrough contact wi~h benzenecontaining products (e.g., gasoline). 

i 

k 
Benzene is harmful to human health, although the degree of harm depends 

to a great extent on the length and amount of exposure. Short-term exposure of 

Long-term exposure to various levels of benzene has caused leukemia and 
r subsequent death of wurkers exposed for periods from 5 to 30 y k s .  , Long-term : exposure to benzene may affect normal blood production, possibly resulting in 
I severe anemia and internal bleeding. Overwhelming evidence exists that benzene 

is a human carcinogen. Human and animal studies also indicate that benzene is 

: harmful to Ihe immune system and has been linked with genetic chan 
Reproduclive effects have been reported in animal studi~s,~ allhough human 

: studies have been too limited to form a clear link w~lh benzene. There is general 
agreement among investigators that benzene metabolites, rather than lbenzene 

1 

I itself, are the primary toxic agents. 

Sources and Fate-Environmental sources of bcnzena may be balh anthrow 
pogenic and natural. The most significant source results from the combustion of 
gasoline. Other minor sourws include septic tank effluent, structural fires, off- 

[ metric tons (ATSDR 1989~).  H O W ~ V B ~ ,  environmenlal revels are low due.to 
eMcient environmental removal processes. 

I 

Chemical degradation reactions, primarily Ihe reaction with thc hydroxyl 
radical, limit the atmospheric persistence of benzene to only a few days (and 
possibly only a few hours if the cancentradon of hydroxyl radicals is sufficiently 
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. . 
high). Biodegradation, principally aerobic, is the most important environmental 3 1 

fate mechanism for benzene associated with water, soil, and sediment. 

Chloroform 

Chloroform is a colorless, clear, dense, volalile liquid that is produced by 4 

both direct and indirect processes. It is ubiquitous in the environment. Chloro- i 

form is widely used as a process ingredient in the manufacture of fluorocarbon 
1 refrigerants and propellants, fire extinguishers, electronic circuitry, and plastics. 

Chloroform is also used in anesthetics and pharmaceuticals, fumigants and 
insecticides, solvents, and sweeteners and as a chemical intermediate. I 

1 . .  Exposure Routes and Rlsks-The major route for human exposure to 
chloroform is from ingestion of contaminated drinking water and inhalation of 

- 1 1 

contaminated air, especially in induslrial areas. A lcss important route of . 
exposure is ingestion of contaminated food. Chloroform is absorbed almost 
completely through the gastrointestinal tract and tends to accumulate in fat and 
liver tissues. Regardless of the mode of entry into the body, chloroform is 
meta6olized and excreted unchanged through the lungs. 

Neurological, hepatic, renal, and cardiac effects have been associated with 
exposure lo chloroform and have been documented in bath humans and animals. 
Animal studies suggest that chloroform is carcinogenic and may be teratogenic. 
Human data regarding the effects of acute and chronic oral exposure to ohloro- 
form are insufficient, and animal teats did not clearly establish r no-effects level 
of exposure for toxicity. 

Sources and Fate-Chloroform is likely to enter the environment in 
industrial effluents (e.g., pulp mill discharges), as well as from its indirect 
production in the chlorination of drinking water, municipal pvage, and cooling 
water. 

The primary fate of chloroform is volrtilization lo the atmosphom. Chloro- 
form may be transported long distances in the atmosphere and will react in the 
gas phase with photochemically produced hydroxyl radicals. Chloroform releases 
to land that do not evaporate will leach into groundwater, where they may reside 
for long periods of lime; near-surface releases are expected to evaporate rapidly. 
Sorption to soil or sedlment is not considered a significant fate process. 
Chloroform may be subject to significant biodegradation based on laboratory 



tests, although the data are conflicting. Chloroform shows little or no tendency 
lo biaconcentrate in tests of freshwater fish. 

Ethylbenzene 

Ethylbenzene is a colorless liquid that smells like gasoiib. evaporates at 
room temperature, and bums easily. Erhylbenzene occurs naturally in coal tar 
and petroleum and is also found in many manufactured products including paints, 
inks, and insecticides. 

Exposure Routes and Risks-Ethylbenzene enters h e  body rapidly 
throufjh the lungs and digestive tract. Entry through the skin after contact with 
liquids containing ethylbenzene is also an exposure route. Because of its volatile 
nature, ethylbenzene is most likely to by inhaled. Eithylbenzend is brobn down 
into olher chemicals once it enters the body. Levcls of ethyldnzene are likely 
to be higher in all media (especially groundwater) near hazardous waste sites and 
petroleum refineries. Consumers may be exposed to ethylbenzene through a wide 
range of products including pesticides, solvents, carpet glues, varnishes, paints, 
and tobacco products.! The highast source of exposure to consumers is probably 
self-service gasoline stations. Indoor air has a higher average concenmtion of 
ethylbenzene (approximately 1 ppb) than outdoor air because of Ule use of 
household cleaners and paints (Howard 1989; ATSDR 1990b). Occupational 
exposure occurs in the petroleum industry and in chemical rn?nuhcturing, and 
workers using varnish, spray paints, and adhesives also may be subject to greater 
exposure. 

Exposure to low levels of atmospheric ethylbenzene has caused eye and 
throat irritation in humans. Exposure to higher levels has caused decreased 
mobility and dizziness. No studies have reported death in >umans, although 
animal sludies suggest that ethylbenzene may be fatal. Short-term exposure to 
high concentrations of ethylbenzene may cause liver and kidney damage, nervous 
system changes, and bl& changes in animals, although lhere are conflicting 
laboratory results, Long-term exposure data are not available. No conclusions 
have been established regarding carcinogenic properties of ethylbenzene. 

Sources and Fate-Ethylbenzene b most commonly found as a vapor in 
the air because it volallllzes easiIy from water and soil. Atmospheric ethyl- 
benzene can be removed by wet deposition or through photooxidation within 
approximately 2.5 days (Howard 1989). Photolylic vansformations and biodegra- 
dation may also remove ethylbenzene from surCAce water, ln soil, ethylbenzene 



is degraded most easily by microorganisms. It does not readily sorb to soils or 
sediments and can move rapidly into groundwater. Ethylbenrene does not appear 
to bioaccumulate significandy in the food chain. 

Toluene 

Toluene is produced both naturally and anthropogenically. It is found 
primarily in petroleum products and in solvents and thinners for paints and 
lacquers. Toluene is a by-product of the production of styrene. 

Exposure Routes and Rlsks-the primary route of exposure to toluene for 
humans is from inhalation of contaminated air. Exposure levels are increased 
w-ith proximity to gasoline stations and vehicle exhaust, or in occupational 
atmospheres where toluenebased solvents are used. Exposure to toluene also 
occurs as the result of intentional substance abuse. Workers in the chemical, 
petroleum, and paint and dye industries are at greatest risk of exposure. 
Neurological damage is the primary adverse effect of toluene on both humans and 
animals. The cancer-causing potential of toluene in rats and mice is still being 
studied. 

Sourcea and Fate-Toluene is released into the atmosphere principally 
from the volatilization of petroleum fuels and toluene-based solvents and thinners 
and from motor vehicle exhaust. Large amounts of toluene are discharged into 
waterways or spilled onto land during the storage, transport, and disposal of hels 
and oils. Natural sources of toluene include volcanoes, forest fires, and crude 
oils. 

If toluene is released to soil, it volatilizes to the air from near-surface soil 
and leaches to groundwater. Biodegradation occurs both in soil and groundwater, 
but is likely to be slow (especially at high concentrations Ulat may be toxic to 
microorganisms). The presence of acclimated microbial populations may speed 
biodegradation. Toluene does not significantly hydrolyze in soiJ or water. In 
water, toluen~ concentrations will decreass due to evaporation and biodegrada- 
tion. AquaUc removal can bo rapid or may lake several weeks depending on 
temperature, mixing conditions, and presence of acclimated microorganisms. 
Toluene does not significantly adsorb to sediments or bloconcentrate in aquatic 
organisms, 



Total Xylenes 

Tom1 xylenes refers to the three isomers of xylene (meta-, ortho-, and para- 
xylene). This term is also sometimes applied to a mixture of xylenes yd smaller 
amounts of other chemicals (primarily ethylbenzene). Xylenes occur in petroleum 
and coal and are formed during forest fires. Xylenes are colorless liquids with 
a sweet odor that leach into soil, surface water, and groundwater, generally as a 
result of petroleum use, transport, and storage. Xylenes are often a component 
of solvents and paint thinners and are used as a cleaning agent. Xylenes are also 
used in the manufacture of certain polymers and are ingredients in jet fuel, 
gasoline, and fabric- and paper-coating materials. 

Exposure Routes and Rlsks-Occupational inhalation of xylenes is the 
most common exposure route for humans, although ingestion of contaminated 
food and water and dermal contact may be additional exposure routes. 

Short-term exposure by humans to xylenes may cause skin, eye, nose, and 
throat irritation; impaired memory and reaction time; and stomach, liver, and 
kidney damage. Exposure to high doses of xylenes within short periods of lime 
may cause nervous system damage and death. Data are insufficient to prove 3 
human carcinogenicity. 

Sources and Fate-Primary sources of xylenes are fugitive industrial 
emissions and automobile exhaust. Additional sources of exposure, are inhalation 
of tobacco smoke, gasoline, paint, varnish, shell~c, and rust preventives. Other 

Xylenes may persist in groundwater for several years. Sorption to soils and 
sediments occurs, although there is considerable variation and uncertainty in 
estimates of persistence in thy media. Xylenes may persist i n  other aquatic 
systems for greater than 6 months before degrading. Limited biodegradation is 
the only significant sourw of xylene degradation in subsurface soils and most 

by photooxidation. Modest bioaccun%adb levels have been shown in fbh(e.g., 
bioconcenmtion fnctors less than 2.2), but food chain biom~gnification has not 
been observed (Haward 1989). 



IONIZABLE ORCiANlC COMPOUNDS 

In the following sections, characteristics are summarized for organic 
compounds that can dissociate' iti water; ' These compounds include various 
phenols, resin acids, and guaiacols. , . 

Phenol 

Pure phenol is a colorless or white solid. The commercial product is a 
liquid. Phenol has a distinct odor that is sweet and acrid. It evaporates more 
slowly than water, is moderately soluble, and is flammable. Phenol is primarily 
a manufactured chemical, though it also occurs naturally from decomposition of 

organic matter. Phenol has been obtained by distillation from petroleum, through 
synthesis by oxidation of cumene or toluene, and by vapor-phase hydrolysis of 
chlorobenzene. The largest single use of phenol is as an intermediate in the 
production of resins, and it is also used as an intermediate in the production of 
certain synthetic fibers, as an algicide, as a disinfectant, and in medicinal 
preparations. 

Exposure Routes and Risks-Exposure to phenol for humans is possible 
through inhalation, ingestion, and dermal contact. Because phenol is used in 
many manufacturing processes and in consumer producls, exposure can occur 
both at work and in the home. Phenol is present in many medicinal products 
(e.g., ointments, eat and nose drops, cold sore medication, mouthwashes, 
gargles, analgesic rubs, and throat lozenges) and is also found in drinking water, . 4 
air, certain foods, and in wood and tobacco smoke. 

! The magnitude, frequency, likelihood, or relative contribution of each 
exposure route and source to total phenol exposure cannot be estimated using 
cunent data. In general, more phenol will enter the body if large areas of skin 
come in contact with diluk solutions of phenol than if small areas of the skin 1 

Y 

t come in contact with concenmted solutions. Afler exposure to airborne phenol, 
as much as SO percent of the phenol that enters the body will enter thraugh the 
skin. Most of the phenol entering thc body is excreted within 24 hours. 

i 

b The severity of e m t s  from exposure to phcnol increases as both the level 
i and duration of exposure increases. Ingestion sf very high concentrations of f 
i phenol has resulted in death. The effwts on huc~ans of inhalation of phenol are 

unknown. Tests on animals of inhalation of pher.01 show lung initation, muscle 
tremors, and loss of coordination. Exposure to higher concentrations of phenol 
for a period of weeks has caused savere damage \o the heart, Mdncys, liver, and 
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lungs, followed by death in some cases. Reproductive effects of phenol are 
unknown in humans, although effects have been shown in animal tests. Allhough 
phenol applied to the skin of mice has caused cancer, it is not known whether 
phenol is a human carcinogen. Phenol acted synergistically in tests with known 
carcinogens, causing more cancer than when the carcinogens were applied without 
phenol. Phenol-ale has beneficial effscts; it is an antiseptic and an anesthetic 
and is used to remove skin blemishes. Studies of effects of phenol exposure on 
algae and fathead minnows reported r e d u d  reproduction and growth, while 
effects on other aquatic organisms included increased enzyme activity in liver and 
muscle and decreased activity in the brain. 

Sources and Fate -Phenol is r e l ead  )uimarily to air and water during its 
manufhcture and use. Phenol-formaldehyde resins have major uses in the 
construction, automotive. and appliance industries and can be found in associated 
effluents. Phenol is found in coal lar and is released in wastewater fro~ir lhc 
manufacture of plastics, adhesives, iron and steel, al~rninur~i, leather, and tubber, 
and in wood treatment plants and paper pulp mills. Phenol is released during the 
burning of wood and in vehicle exhaust. Natural sources rrf phenol in water are 
animd wastes and decomposition of organic wastes, 

Single, small re!- of phenol do not remnin in the air; the half-lih is 
generally less than.1 day. Removal from soil by biodegradation is accomplished 
within 2-5 days (Howard 1989). Phenol can remain in water for more than 9 
days. However, single large discharges or continuous small discharges of phenol 
may remain in each of these media for much longer periods of time. Phenol has 
not been found in soil except at hazardous waste sites, probably because it is 
eflicientiy removed from soil at low concentrations. Phenol in soil biodegrades 
and leaches to groundwater. Voladlization from soil and water is a slow process 
and i s  not expected to be a source of atmospheric phenol. Sorption to sediments 1 is not an important transport mechanism of phenol in water. However, phenol 
has been detected occasionally in sediments from Puaet sound,' including near 

I pulp mills and in some sediments collected in nonurban weas (Tetra Tech 1985b), 
i possibly as the result of aquaculture applications. 
I 
I 

, I 

i i 4- ethylp phenol (4.~reso1) . 
! I  

4-Methylphenol is a constituent of pulp mill waste, is found at wood 
trealrnent facilities, and is used in the manuhcture of organic chemicals. 

I 

8 7 
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Exposure Routes and Risks-Human exposure is primarily through 
inhalation and dermal contact in occupational environments and source areas. 
4-Methylphenol is moderately toxic to benthic organisms. 

. - 
~ o u r c e s  and Fate -4-Methylphenol is released to the atmosphere in vehicle 

exhaust, during coal tar and petroleum refining and wood pulping, and during its 
use in manufacluring and metal refining. 4-Methylphenol is contained in effluents 
from industries engaged in wood products manufacluring, leather tanning, iron 
and steel manufacturing, plastics production, textile production, rubber process- 
ing, and :lectronics manufacturing, and in effluents from municipal wastewater 
treatment facilities. Elevated concentrations of 4-methylphenol have been 
documental in surface sediments near pulp mills in Puget Sound (Tetra Tech 
1985b. Norton et al. 1987; Pastorok el al. 1988). 

In the air, 4-mahylphenol reacts with photochemically produced hydroxyl 
radicals during the day and with nitrate radicals at night. It a 1  return to soil 
through wet deposition, and it can be oxidized by metal cations in rainwater. 
Biodegradation is expected to be the dominant fate process. Complete removal 
from soils is possible within 6 days, although the process is slower under 
anaerobic conditions (Howard 1989). Disproportionate losses of Gmethylphenol 
(and phenol) relative to dimethylphenols have been observed in groundwater at 
a wood treating facility, presumably from biodegradation (Goerlitz et d. 1985). 

Votatilization, bioconcenltation in fish, and adsorption to sediment are not 
important fate processes for 4-methylphenol. Photolysis is expected to be signifi- 
cant only in surface waters of oligouophic lakes. 4-Methylphenol is not expected 
to persist in sediments (Howard 1989). However, persistent high concentrations 
of 4-methylphenol have been observed in some Puget Sound sediments near 
industrial sources. These results can be bxplained either by largo mass loadings 
of llmelhylphenol from the source or in sifu production of Cmethylphenol in the 
sedimenls. One untested possibility is that 4-methylphenol could be produced by 
bacterial conversion of proteins (viap-hydroxyphcnylacetate) accumulating in the 
sediments (Balba and Evans 1980). 

Pentechlorophenol 

Pentachlorophenol (PCP) is one of the most heavily used pesticides in the 
United States. It is used as an induslrial wood prcsemative, as well as in 
consumcr wood preserving formulalions and b~ herbicides and pesticides. PCP 
does not occur naturally and exists in two forms of differing water solubilities. 
In its pure form, PCP exists as colorless crystals. The impure form of PCP, 
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which exists as a dark grey to brown dust in beads or flakes, is the typc found at 
hazardous wasle sites. 

Exposure Routes and Risks-Humans can be exposed to low levels of 
PCP lhrough inhalation of indoor and outdoor air and through ingestion of 
contaminated food and drinkiilg water. Dermal contact with treatcd wood can 
also result in exposure to PCP. Occupation and proximity to hazardous waste 
sites present the greatest risk of exposure to PCP. Occupational lcvels of PCP 
inhalation in indoor air at wood treatment plants and lumbcr mills arc much 
higher than for the gcneral public; exposure levels are estimated at 0.9- 14 mg pcr 
day compared with approximately 0.006 mg per day for thc gcneral public. An 
additional estimated 0.5 mg per day of PCP may be absorbed through thc skin of 
workers who handle treated wood (ATSDR 1989~). 

Exposure to high levels of PCP can cause adverse effects on Ihe liver, 
kidncys, skin, blood, lungs, nervous systcm, and gastroinrestinal tracr. High 
lcvels of exposure can also be fatal. Longer-lrrm cxposure to lowcr lcvels of 
PCP can cause dama~e to the livcr, blood, and nervous system. Animal studies 
indicate that shon-term, high-level cxposurc to PCP can cause similar damage, 
with the severity of effi ts  ucrasing as the duration of exposure increases. 
Acute toxicity and increased risk of reproductive failure have bcen shown in 
animals exposed to PCP, but thcre is insuMcicnt evidence of human wcinoge- 
nicity. Studies of aquatic organisms indicate more &ere effects on fish than on 
other aquatic biota; acute and chronic toxicity to salrwatcr organisms occur at 
concentrations as low as 93 and 34 pglL, respeclively (U.S. EPA 19868). In 
addition, pcntachloroiiisole, a degradalion producl of PCP, has an cven grcarer 
potential to bioaccumulate than PCP itself (Callahan ct al, 1979). 

Sources and Fate-PCP is rclcascd directly to air via volalilizadon from 
treared wood and evaporalion of PCP-treatcd industrial process watcrs from 
cooling rowers. Eighty percenl of domeslic consumplion of PCP is aleibuted to 
the treatment of utiliry poles (ATSDR 1989d). Although generally insignificant, 
past emissions from production facilities may bc morc important in Pugct Sound 
bcc~use one of the two major historical producers or PCP in the United Stales 
was localcd in the Commcnccmcnt Bay area. In addition, a number of other 
chemicals (e.g., HCB, pcnlachlorobenzcnc, pcnlachloroniaobcnzene, and 
benzcnchcxachloridc isomcrs) arc known to metabolize to PCP. 

PCP releascs to watcr occur by direct discharge from source and nonpoint 
sources, by we1 deposition from the atmosphcrc, and by runoff and leaching from 
soil, Approximately 90 percent of wood treatment plants evaporate thcir 
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wasrcwarers and consequently they have no diroc~ discharges ro warcr. The 
remaining 10 percenl of these plants discharge to municipal wasiewatcr trealmcnt 
facilities. PCP has bccn derccted in at 10.4 percent of 2,738 hazardous wasrcs 
sites sampled for thc substance (ATSDR 1989d). 

PCP is also registered for use as an insecticide. a fungicide, an herbicide, a 
molluscicide, an algicidc, a disinfectant, and as an ingredient in antifouling paint. 
However, nonwood uses accounl for no more than 2 percenl of cutrenl PCP use 
(ATSDR 19894). 

PCP is not affected by hydrolysis and oxidation, but is rapidly photolyzed 
and can bc biotransformcd by microoqjanisms and metabolized by animals and 
plants. Sorption to soils and sediments occurs and is morc important under acidic 
conditions than under neutral or irasic conditions. The compound bioaccumulates 
to modcst lcvcls in algae. aquatic invcnebrates and fish (ATSDR 1989d), but food 
chain biomagnification has not been observed. 

Mono- and DlchlorodehydroablelIc Aclds 

Chlorine bleaching processes used in both the sulfite and kraf? pulp industries 
have been demonstrated to result in the formation of chlorinated resin acids such 
as chlorinated dehydroabietic acids, Chlorinated derivalivcs of dchydroabictic 
acid are by far the predominant chlorinated resin acids reported in bleachcd pulp 
effluents, presumably k u s e  its stability relative to other resin acids enables it 
to survive Ihe strong oxidizing conditions of chlorlne bleaching. Dehydroabietic 
acid, typically rhe predominant resin acid found in the environment, is derived 
from abietic acid and is relatively stablc as a result of its aromatic ring strycturc. 
Chlorinaled resin acids, because of their unique origin, are powerhi geochemical 
tracers of pulp mills lhat use chlorine bleaching processes. Chlorlnatcd resin 
acids have been reported in elevated concentrations in sediments near pulp mill 
discharges in Puget Sound a3 well as in other parts of the United Slatcs and 
Europe (Pastorok ot al. 1988). Dehydroabietic acids are persistent in the 
environmanl and toxic to marlno organisms. The toxicity of dehydroabietic acid 
decreases +markedly at pH grater than 7 h u s c  of formalion of the d i u m  salt. 

Exposure Routes and Rleks--There are insufficienl data available to 
describe routes of oxposurc and associated risks of individual resin acids to biota. 
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Sources and Environmental Fate-Dehydroabictic acid is pcrslstcnt In 

sediments, with a half-lile of greater than 20 years esrtmawl in scdimcnts of Lake 
Superior (PSEP 1988). 

2-Methoxyphenol 

2-Melhoxyphenol (guaiacol) is a by-product of wood and coal car dccomposi- 
tion and is a maor constiruent of creosote. Guaiacol rs released as a pollutan~ 
primarily in pulp mill wastes; it is one of the mqjor breakdown products of lignin, 
which is the primary component of wood. Guaiacol has been detected infrequenl- 
ly in contaminated sediments in Evcrctt Harbor. but has been found in high 
coccenuations in sedimenls in other acas of Puget Sound, the United States, and 
Europe (Pastorok et a!. 1988; Tetra Tech 1985b). 

. . 

Chlorinated Quaiacols 
I 

Chlorinated guaiacols are well-documented by-producls of pulp bleaching 
processes. The compounds are formed when lignin is treated with the chlorine 
bleaching process. Chlorinared guaiacols are excellent geochemical tracers of 
pulp mills because of their unique origin. Bascd on studies showing that 
unchlorinarcd guaiacols dehydroabietic acid, a related compound, is toxic and 
environmenrally persistent, it is expectcd tha~ chlorinated guaiacols will behave 
similarly. 

Chlorinated guaiacols arc moderately toxic to benthic organisms and fish. 
Thc most toxic isomer is 3,4,5,6-telnrchloroguaiacol, followed by 3,4,5-trichloro- 
guaiacol and 4,5,birfch!orogualacol. 'M- and tctrachloroguaiacol exhibited 
considcrablc toxicity in fish laken from a river ncar a pulp mill in Swilzcrland 
(LCs0 values were 0.75 and 0.32 mglL for lri- and tetrachloroguaiacol, respec- 
tively (Leuenberger et al. 198S), 

Trlchloroethene 

Trichloroethone (TCE) is used widely as a dogrwor for molals in the metals 
and ultxuonics industries. TCE is an intormediaro in the manuhcture of 
polyvinylchloride and is also found in ihe effluent of pulp mills, chloralkali 
plants, and dry cleaners. 

I 

9 1 
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Exposure Routes and Rlsks-Thc primary exposurc route for humans is 
inhalation of contaminated air. followcd by ingestion of contaminated drinking 
water. Although possibly carcinogenic, TCE is not cons~dcrcd highly toxic to 
humans or animals. 

Sources and Fate- Although it has been detected in both marine And fresh 
waters, 80 to 95 percent of TCE evaporats to thc atmosphere. TCE is mosl 
likely to enter the atmosphere from its widespread use as a mclal dcgrcaser. 
There are no known natural sources of TCE. It has been found in very high 
concentrations in a few nearshore sediment samplcs from Hylebos Waterway in 
Pugel Sound (Tetra Tech 1985b). TCE is a volatile compound that moves 
quickly through groundwater. and it is a common contaminant of grourdwater in 
industrial areas. It does not appear to bioconcentrate in fish tissue. In anaerobic 
environments, TCE degrades to dichloroelhcne and vinyl chloride. These 

. . breakdown products can be useful in determining the sourccs, fate, and transporl 
of TCE lo the environment. 

Tetrachloroethene 

Tetrachloroethene is n volatile compound used as a mcd  degreaser in the 
metals and electronics industries, in dry cleaning aid textile processing, and in 
the production of fluorocarbons, pesticides, adhesives, paints, and coalings. 
There arc no known natural sources of tetrachloroethene. 

Exposure Routes and Rlsks-The primary sourcc of human exposure is 
inhalation of occupational air contaminated by teuaehlorocthene. Consumption 
of drinking water contaminated by rain or by pipes lined with vinyl is anolher 
source of tetrachloroethene. Tetrachloroethene is a carcinogenic compound that 
otherwise is not highly toxic to humans or aquatic organisms. It is mNerately 
toxic to benthic organisms. 

Sources and Fate-Tetrachloroelhene is likely to enter the environment by 
fugitive air emissions from dry cleaning and melal degreasing industria and by 
accidental releasas of products contaminated with tetrachloroethene. Wastewater 
effluents horn metal finishing, taunderlng, aluminum forming, organic chemical 
and plastics manuhcturing, and municipal lreatment plants also conlribute to 
cnvironmenlal teuachloraethene. Tetrachloroethone can also be found in the 
effluent of pulp mills and chlordkali plants and in the groundwater near many 
industrial areas. Tetrachlorocthene has bcen found in highly elemtcd concentta- 
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tions in Puget Sound sedimenls near a chemical manufacturing facility and in 
somewhat elevated concentrations in fish tissue from the same vicinity pctra 
Tech 1985b). Tetrachloroethene breaks down in anaerobic environmcnts to 
uichloroethene, dichlotoelhene, and vinyl chloride, and the presence of these 
breakdown products can be useful in determining the sources, fale, and transpon 
of this chcmical. 

. . -- 
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APPENDIX A: 

SUPPLEMENTAL INFORMATION 



. . . . . . . . . . . . ., . 

TADLE A.1. SUMMARY OF DASlC ANALYTICAL 1 

TECHNIQUES FOR OROANIC COMPOUND ANALYSES 

Analytical Proccdurd ' - . .  . 

.. , 

i 

. 2 

Removal of organlc lntcrfercnrs with GPC. sizo exclusion 
clwomatography (c.g.. phcnogel, Scpliadcx@). bonded oclndacyl 
columns, HPLC. slllcm gal, or t~lumina 

k t r i i a  rnmlysis 
and PCB mixturcs , 

I 
- j  

i 

. . . . 



pPrPOllutant CB RID trnnfkaldnyl 

i 11 antimony 
95 alpha-endosullan 
96 beta-endosullan 116-20-7 0.00005 
127 lhalllum (In soluble sall8) 563-68-8 (a) 0.00007 
123 mercury 7439-07-6 (a) 0.0003 
33 1,3-dlchloropropene 10081-02-8 0.00Og 
98 endrln 72-20-8 0.0003 
88 nltrobonzone 98-05-3 0.0005 
53 hexachtorocyclopenladlene 77-47-1 0.6007 
46 bromomelhane 74-83-9 0.0014 
58 2,4-dlnllrophenol 51 -28-5 0.002 
126 sllver 7110-22-4 (a) 0.003 
31 2.4-dichtorophenol 120-83-2 0.003 
119 chromlum (VI) 7440-47-3 (ti) 0.005 
66 bls(2-e1hylhe~yl)phlhalate 117-81-7 0.02 
7 chlorobenzeno 108-90-7 0.02 
121 cyan;de 57-1 2-6 (a) 0.02 
124 nlckel 7410-02-0 (a) 0.02 
64 pentachlorophenol 87-86-5 0.03 
39 lluoranthene 208-44-0 0.04 
42 bls(2-~hl~r~ls~pr~pyI)elher 39638-32-9 0.04 
14 dlchlorornothane (melhylene chloride) 76-09-02 0.06 
25 1 -2-dlchlorobenzene 05-60-1 0.09 
11 1 ,I ,I ,-lrichloroethano 71 -55-6 0.00 
38 elhylbenzono 100-41-4 0.1 
84 Isophorone 78-50-1 0.1 
86 toluene 108-88-3 0.2 
86 phenot 108-98-2 0.6 
70 dlethyl phthalate 84-68-2 0.8 
71 dlmolhyl phlhalale 131-11-3 1 
118 chromlum (Ill) 7440-47-3 (a) 1 
88 dl-n-bulyl phthalate 87-74-2 10 
46 chlaromelhane (methyl chloride) 74-87-3 @) 
80 46-dlnllro-o-cresol 534-52-1 (b) 
28 13-dlchlorobenzene 64 1-73-1 (b) 
07 endosullan sulfate 1031 -07-8 (C1 
27 1 P-dlohlorobonxene 108-48-7 (0) 
2 aoroleln 107-82-8 (c) 
128 setenlurn 

(a) CA8 numbers lor these subslanoea vary Uepondlng on lholr 8peclHo lorm 
(e.g., inorganic salte or organlc oomplexoa). 

(b) Data Inadequate lor quanlltallve rlek aeeessrnent. 
(c) Nol determined. 
Reference: U.8. EPA (1900c), Table A. 
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. - .  

p a w  . Polencv fa bevel of Evidence [QJ 

Y 

128 2,3,7,8-TC00 (dloxln) 

89 aldrin 300-00-2 17 82 
90 dleldrln 80-87-1 16 82 
(c) polychlorlnaled biphenyls 
102 alpha-HCH 310-84-6 6.3 02 
100 heplachlor 78-44-8 4.5 82 
1 17 beryllium 7440-4 1-7 (d) 4.3 (W) I32 
88 vinyl chlorlde 78-01-4 1 .Q A 
103 bela-HCW 319-06-7 1.8 C 
115 areenlc 7440-38-2 (d) 1.8 CN) A 

hoxachlombenxone 118-74-1 1.6 82 
82-C 

18 bls(2-chloroelhyl)ether 111-41-4 1.1 82 
1 13 loxaphene 8001-35-2 1.1 82 
37 i,2-dlphenylnydrarlne 122-86-7 0.80 62 
35 2.4-dlnllrotoluene 

92 4.4'-DOT 60-20-3 0.34 82 
09 4,4'-ODE 
01 4,4'-ODD 
16 1,1,2,2ae1rachloroelh~ne 

carbon telraohlorlde 
10 1 2-dlchloroelhane 
52 hoxachlorobuladleno 87-88-3 0.078 C 

Ill .a-lrlchloroelhane 
86 telraohloroelhane 127-18-4 0.051 82 

? 

12 hexachloroelhane 
2,4,6-lrlchlorophenol 

4 1  dlchloromelhane 
(molhylene ahlorlde) 

23 ohlorolorm 
52 N-nllrosodlphenyl~mlne 
1 18 oadmlum (8) 
78 benzo(a1pyrene 
11 0 chromlum (VI) (e) 4 
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TABLE A-3 (Conllnued). 

(a) From U.S. Envlronmenlal Proteclion Agency (1990c). Table 8. All potency values represent diolary 
alopo factors excopt: (0) +i slopo calculaled from occupalional exposure, W = slope calculated 
lrom human drinking water expowla, and (I) slope calculaled from animal inhelallon studies. 

(b) A Human carcinogen (sulllctent evidance ol carclnogentclty In humans); B = Probable human 
carclnogen (I31 - Ilmlled evldence of carclnogenlcily in humans; 82 - sufflclenl evldence of 
carclno~enlclly In anlmals wllh lnadequale or lack of evldence In humans): C s Posslble human 
carcinogen (Ilmited evldence of carci~logenlclly In animals or lack of human dala). 

(c) Spoclflc Aroclor mixtures of polyclorinaled blpheyls are lisled as individual priority pollulanls with 
lndlvldual CAS numbers, 

(d) CAS numbers for lhese substances vary dopendlng on lhnlr speclllc form (e.g., organlc salts or 

i 
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A-I. Graphical risk characterization for arsenic in seafood (PSEP 
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Figure A-2. Graphical risk characterization for mercury in seafood (PSEP 
1988b). 
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Figure A-3. Graphid risk characterization for carcinogenic PAH in seafood 
CpSEP 1988b). 
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Figure A-4. Graphicai risk chxmhtion for PCBs in seafood (PSEP 19m). 


